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Foreword 


NASA has historically conducted pioneering research in Earth and plane- 
tary exploration. Spacecraft equipped with a wide array of sensors have pro- 
vided the first close-up views of other planetary bodies such as Mercury, 
Mars, Jupiter, and Saturn. Spacecraft have also provided the first global view 
of the Earth, and they have enabled us to study remote portions of our own 
planet in much greater detail. 

Analyses of spacecraft data acquired during the past two decades have 
resulted in major discoveries concerning the structure and composition of 
neighboring planetary bodies, and have revolutionized our understanding of 
the processes that governed their evolution. In contrast, the Earth has been 
studied in considerable detail for hundreds of years by each generation of 
its inhabitants. We know inuch more about the Earth than other planets. 
However, our accumulated knowledge of the Earth has raised many more 
questions about its history, evolution, and day-to-day functioning than can 
presently be answered. Space technology provides new and fundamentally 
different ways of looking at our planet and studying its behavior on a global 
basis. Remote sensing techniques, in particular, allow us to extend our 
observational capabilities beyond the range of our human senses and to 
explore the Earth in ways that have not been possible in the past. 

The Shuttle Imaging Radar (SIR-A) Experiment conducted in November, 
1981 , IS a good example of the successful application of space techniques to 
the study of the Earth. SIR-A was launched into space on the second test 
flight of Space Shuttle Columbia. SlR-A possessed many of the same charac- 
teristics as the synthetic-aperture rariar (SAR) system that operated onboard 
the Seasat spacecraft in 1978. The principal difference between these two 
radars was that SIR-A illuminated the Earth’s surface at a larger angle of 
incidence than Seasat SAR. 


SIR-A obtained over 10 million square kilometers of surface imagery. It 
acquired radar images of many tropical, arid, and mountainous regions for 
the first time. A variety of fascinating features have been detected in the 
SIR-A data collection. Many of these features can be related to local varia- 
tions in surface slope and roughness, or the intrinsic dielectric properties of 
surficial materials. However, other features are enigmatic and are currently 
the object of intense study. SIR-A data are also being compared with imagery 
obtained with Seasat SAR, Landsat, and the Heat Capacity Mapping Mission 
(HCMM). In many instances, features apparent in one data Mt are absent in 
others. Researchers are currently trying to understand why this is so, and 
what it reveals about the surface characteristics of the Earth. 

I invite you to share in the adventure of SIR-A data analysis through the 
use of this Atlas. Each SIR-A image presented here encompasMs an area of 
about five thousand square kilometers. Considered together, the 60 scenes 
presented in the Atlas represent about 3 % of the SIR-A data collection. Each 
SIR-A image is accompanied by a Landsat, Seasat SAR, or HCMM image of 
the same area, or by a sketch map or photograph. These illustrations demon- 
strate the unique imaging capabilities of the SIR-A system and the potential 
utility of radar remote sensing techniques for a wide range of terrestrial 
studies. 



Jesse W. Moore 
Director 

Earth and Planetary Exploration Division 
Office of Space Science and Applications, NASA 
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Abstract 

Images acquired by the Shuttle Imaging Radar (SIR-A) in November, 1981, demon- 
strate the capability of this microwave remote sensor system to perceive and map a wide 
range of different surface features around the Earth. A selection of 60 scenes displays this 
capability with respect to Earth resources — geology, hydrology, agriculture, forest cover, 
ocean surface features, and prominent man-made structures. The combined area covered 
by the scenes presented here amounts to about 3% of the total acquired. Most of the 
SIR-A images are accompanied by a Landsat multispectral scanner (MSS) or Seasat 
s>nthetic-aperture radar (SAR) image of the same scene for comparison. Differences 
between the SIR-A image and its companion Landsat or Seasat image at each scene are 
related to the characteristics of the respective imaging systems, and to seasonal or other 
changes that occurred in the time interval between acquisition of the images. 
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Section I 
Introduction 


On November 12, 1981 , the United States National Aeronautics and Space 
Administration launched Space Shuttle Columbia on its second orbital mis- 
sion from the Kennedy Space Center, Cape Canaveral, Florida, U.S.A. The 
^acecraft carried its first scientific payload, part of which vas the Shuttle 
Imaging Radar system (SIR-A). The objectives of the SIR-A Experiment 
were to acquire radar images of a wide variety of different geologic regions 
around the Earth, to demonstrate the capability of the Shuttle as a platform 
for making spaceborne scientific investigations, and to analyze and interpret 
the data in the radar images. 

The SlR-A Experiment was a complete success (Ref. 1). The radar sensor 
operated as expected and met all of its design goals. Plans to acquire radar 
imagery of about 10 million km^ of the Earth’s surface were met despite 
curtailment of the mission from 4 to 2M days. The radar coverage corre- 
sponds to about 480 min of sensor operation time. High-resolution images 
were acquired over portions of every continent and some of the oceans be- 
tween the latitudes of approximately 41 °N and 3S*’S (Fig. 1). 

This atlas of SIR-A images is a sequel to two similar publications of orbital 
radar images of the Earth acquired by Seasat SAR in 1978 (Refs. 2 and 3). 
Each SIR-A image is presented in conjunction with one or more different 
spaceborne images for comparative purposes, or with a sketch map or photo- 
graph for illustration of features described in the text. Or. the facing pages of 
each scene, the SIR-A image appears at the left. The companion image or 
images to the right are subscenes mostly from Landsat multispectral scanner 


(MSS) band-7 or batid-S images and/or subscenes from Seasat SAR images. 
A few subscenes from Landsat MSS band-4 and band-6 images are presented; 
there is one example eadi of a Heat Capacity Mapping Mission scene and of 
SIR-A repetitive coverage. The interval between the acquisition of the SIR-A 
image and the corresponding image(s) of each scene ranges from IH h (Scene 
No. 54) to 9 yr and 3 mo (Scene No. 42). In many scenes, the SIR-A and 
companion images record major changes in surface features that resulted from 
either natural phenomena or human activities. 

Preliminary studies have been made of the SIR-A images of a variety of 
terrains and ocean surface features. Sh^ A images of the hyperarid Arbain 
Desert in southwest Egypt show that the radar penetrated the unconsoHdated 
wind-blown sand sheets in this area to depths of 2 m or more; buried drainage 
channels not previously seen on any images acquired at optical wavelengths 
(Ref. 4) are revealed. Steep slopes in the Appalachian Plateau are selectively 
enhanced on SIR-A images; on corresponding Seasat SAR images, the steep 
slopes are obscure or obliterated by layover (Ref. S). However, gently slopiiig 
topography is more clearly perceived on Seasat SAR images. These differences 
result mostly from the difference in incidence angle between the SIR-A and 
the Seasat SAR imaging systems. In the Eastern Desert of Egypt, the SIR-A 
coverage shows that major geologic units are readily discriminated by their 
morphology and diaracteristic texture on the radar images (Ref. 6). Deqnte 
the large SIR-A incidence angle and the low SIR-A returns from ocean sur- 
faces, the oceanic coverage by SIR-A reveals internal waves and other surface 
features with a clarity comparable to that of Seasat SAR images. 
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Each SIR- A image in this atlas covers an area approximately 1 00 km in 
azimuth by SO km in range, as s . en by the imaging radar. The images aie 
grouped into four main classes to illustrate a wide range of Earth surface 
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features. Geolc^c folds, faults, and intrusive structures, and landfonns 
diaracteristic of volcanic, eolian, and other geologic processes, are included 
under “Nonrenewable Resources.” Many of the scenes in this class art of 



inaccessible localities about which little is knowti. Examples of “Renewable 
Resources” include scenes of selected drainage networks, varied agricultural 
patterns, forested areas, and urban areas. The class “Oceanographic Features” 
includes scenes of disturbances and inhomogeneities of the ocean surface 
caused by the interaction of oceanic and atmospheric forces. Scenes chosen 
to illustrate “Man-Made Features” display prominent structures that locally 
dominate the environment. 

The text that accompanies each scene is intended to draw attention to 
the salient points of the SIR-A images, and to comparisons that can be drawn 
with the corresponding image(s); it is not intended, of course, to be a final 
or exhaustive study, but rather a stimulant fur further study and interpreta- 
tion. A glossary of acronyms and technical terms used in the atlas is provided 
(Appendix A). 

Sununary details of image identification and date of acquisition of the 
images in this atlas are tabulated under the “Index of Images” (Appendix B). 
The image products are available from a variety of different sources. SIR-A 
images may be obtained by requesters within the United States at the fol- 
lowing address; 


National Space Science Data Center 
Code 601.4 

NASA-Goddard Space Flight Center 
Greenbelt, Maryland 20771 

Scientists outside the United States should direct their requests to: 
World Data Center A 
Rockets and Satellites 
Code 601 

NASA-Goddard Space Flight Center 
Greenbelt, Maryland 20771, U.S. A. 

Seasat »AR images are available from; 

National Oceanic and Atmospheric Administration 
Satellite Data Services Division 
Room 100, World Weather Building 
Washington, D.C. 20233 

Landsat image products may be ordered from: 

Landsat Customer Services 

EROS Data Center 

Sioux Fails, South Dakota 57198 
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Section II 

SIR-A, Seasat SAR, and Landaat 
MSS System Characteristics 


The SIR-A sensor is a synthetic aperture radar (SAR) imaging system. 
The radar sensor generates a high peak power signal that is frequency modu- 
lated. This signal is radiated through a planar array antenna toward the 
Earth's surface (Fig. 2). Returned echoes are collected by the antenna, and 
amplified and detected by a receiver. The time delay and Doppler history of 
the returned echoes are coherently recorded on optical film. This holographic 
record is the signal film. The sig.ial film is processed in an optical correlator 
where the synthetic aperture is effectively formed. By using the information 
from thousands of echoes, a high-resolution image is generated and recorded 
on image film. The image is a two-dimensional representation of the surface 
scattering, which in t"rn is a function of physical surface properties such as 
slope, small-scale roughness, soil moisture, and dielecti ic constant. In general, 
radar backscatter is dominated by different surface properties through the 
0- to 90-deg range of local incidence angles (Fig. 3). 

The SIR-A sensor has numerous system characteristics in common with 
Seasat SAR, and several significant differences. The important differences 
that bear on feature oerception and image interpictation occur mostly in 
the radar incidence angle and the image resolution (Table 1). The former 
i'. governed primarily by the antenna look angle, and the latter by the system 
band"'idth and the length of the transmit pulse. Other notable differences 
between the SIR-A and the Seasat SAR systems are seen in the orbital 
parameters of the spacecraft, and the method of recording the radar signal 
data. 


Landsat multis'-ectral scanners are passive remote sensing systems that 
record reflec**d solar radiation in several optical and near-infrared wave- 
lengths simultaneously. The radiation is processed in spectral intervals or 
bands as follows: 


MSS band 

Wavelength, jum 

Type of radiation 

4 

0.5 to 0.6 

visible green 

5 

0.6 to 0,7 

visible red 

6 

0.7 to 0.8 

invisible near-infrarrd 

7 

0.8 1.0 1.1 

invisible near-infrared 


The selection of a suitable Landsat MSS image for comparison with the 
SIR-A coverage at each scene in this atlas was governed by the availability 
and the quality of images with a minimum of cloud cover, and by the known 
spectral re.sponse characteristics of vegetated and nonvegetated surfaces 
in the four spectral bands listed above. Generalized spectral reflectance 
curves of vegetated and nonvegetated surfaces are given in Figs. 4(a) and (b), 
respectively. 
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RADIATOR 


Figure 2. SIR-A ayatem on tK>ard Soace Shuttle Columbia; the planar array antenna la ahown deployed 
during mission operations, November 13, 1981 


Green, activd\ growing vt-geiatiun h;t,s a renectance peak in the visible- 
green wavelength; wmsequently it appears bright on Landsat twnd-4 images. 
Greeti vegetarion is uniijue among ctunim,n ground-cover type,s because of 
Its strong absorption in the vkible-red wavelength (band 5) and strong retlec- 


tanee at near-infrared wavelengths (bands 6 and 7). Aging or unhealthy 
yellow or brown vegetation in various stages of senescence lacks both the 
green reflectance and the red absorption of green vegetation, though it is 
highly reflective at near-infrared wavelengths (Fig. 4(a)). Nonve;. etated sur- 
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faces that expose light-colored rocks or concrete are strongly rcilective at 
near-infrared wavelengths (bands 6 and 1 ). Dark -colored rocks that are 
typicaUy basaltic in composition, and asphalt surfaces are significantly less 
reflective in each of the four MSS bands (Fig. 4fbJ). The reflecljvity of soil 
lies between the values for light- and dark-colored rock; however, in any 
band it is influenced by the moisture content. Muddy water is reflective at 
green and red wavelengths (bands 4 and 5 } and strongly absorptive at near- 
infrared wavelengths (bands 6 and 7). From the foregoing considerations, 


Tabto 1. SIR-A and 


Parameter 

SlR-A 

Seaal SAR 

Orbit 

Altitude, km 

259 

79S 

incliiution, deg 

38 

108 

Radar 

Frequency, GHz 

1.278 

1.275 

Wavelength, cm 

23.5 

23.5 

System bandwidth, MHz 

6 

19 

Transmit pulse lenfth, its 

30.4 

33.4 

Pulse repetition frequency, Hz 

1464 to 1824 

1463 to 1640 

Transmitted peJc power, W 

1000 

1000 

Time-bandwidth product 

182 

634 

Polarization 

HH 

HH 

Anteniu 

Dimensions, m 

9.4 X 2.16 

10.74 X 2.16 

Look angle, deg 

47 t3 

20 t3 

Incidence angle, deg 

50 t3 

23 t3 

Swath width, km 

50 

100 

Resolution, m 

40x 40 

25 X 25 

OeU recording 

Onboard: optical 

Grrtond station: digital 

Sigrul correlation 

Optical 

Optical and digital 



it has been found tl.at Landsat images in MSS bands 5 and 7 are optimal for 
contrast and comparison with the SIR-A images. In many instances, band 5 
images provide complementary image tones in heavily vegetated scenes. 
Band 6 images are presented only in specific instances where the im^ 
quality is superior to that of the correspondhig band 7 image. With the 
exception of Scene No. 20, all the Landsat MSS images in this atlas are 
photographic reproductions that have not been altered by special digit.’! 
processing. 
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Section III 

Description of SelectedSIR-A Images 
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A. Nonrenewable Resources 


The Earth’s topography and landf'orms provide important iniormation 
concerning this planet’s natural nonrenewable resources. Topography is 
enhanced on SIR-A images, particularly in hilly or mountainous areas where 
the slopes are 20 deg or more. Structures such as folds, faults, and bedding 
are readily perceived from the image patterns and the contrasts in image tone 
and texture. Fold and fracture patterns are clearly displayed on SlR-A 
images, both in areas of extensive rock outcrop (Scene Nos. 5, 7, 8, and 13) 
and in areas of heavy vegetated cover (Scene Nos. 1, 4, and 9). Circular 
features that appear enhanced by the radar response to surface morphology 
include eroded dome structures (Scene No. 5), curvilinear fracture patterns 
(Scene No. 9), granite plutons (Scene Nos. 10 and 11), salt domes (Scene 
No. 1 2), and volcanic cones of varying dimensions (Scene Nos. 20 through 
24). Erosional landforms in dissected terrains are enhanced by the strong 


contrast in radar backscatter from the upland surfaces and the lowland valleys 
(Scene Nos. 14 and 15). 

The SIR-A coverage provides the first clear spaceborne images of the 
topography and structures in remote, inaccessible, perennially cloud-covered 
areas (Scene Nos. 4, 9, and 14). Limitations that exist in the perception of 
dune morphology are governed by the orientation and form of the dunes and 
by the local incidence angle (Scene Nos. 16 through 19). In areas where the 
surfaces are relatively level, such as dry lakes (Scene Nos. 25 through 27) or 
deltaic plains (Scene Nos. 30 through 32), the SIR-A image tones of surface 
features are strongly influenced by the small-scale roughness characteristics of 
the surface materials. Modulation of the SIR-A backscatter by slope and by 
surface roughness characteristics provides distinctive image textures in areas 
of extensive karst topography (Scene Nos. 28 and 29). 
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(i) Folded and Layered Structures 






ILLUMINATION 


This scene extends across the strike of the folded Appalachian 
Mountains, from the Allegheny Plateau {A4 to Cl) to ihe Great Valley 
(K5) The bright returns from the forested mountain slopes are modu- 
fated by slope effects, i.e.. foreslopes appear brighter than backslopes 
on the radar image. The mottled distribution of dark returns reflects 


mostly the agricultural pattern on the level-to-gently-sloping valley sur- 
faces. The regional structure of alternating anticlines and synclines is 
expressed in the form o( the numerous subparatlei mountain ridges in the 
area. The lenticular form of adjacent pairs of mountain ridges represents 
breached doubly plunging anticlina. structures as, for example, betwreen 
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Neys Mountain and Tuscarora Mountain (H5 to K2). Multiple reflec* 
IS from clusters of buildings and from appropriately oriented streets 
duce very bright returns from cities such as Bedford (E2) and Mer- 
sborg (K5) 

In the corresponding near-IP image acquired by i.andsat nine years 


previously at approximately the same time of year (November), the 
mountains and ridges are strongly enhanced by solar shadowing. The 
increasingly dark appearance of the forestwl mountain slopes is the 
result of modulation by shadowing effects, whereas the ievel-to-gentty- 
sloping cultivated areas are bright. 


OF POOR <^ALf!V 


2. San Rafaei Swell, Utah, U.S.A. 



C L ill! 20 km 


f ILLUMINATION 


This large dome in eastern Utah is composed of continental and 
marine sediments that were uplifted and folded m the Late Cretac'^ous 
On this SIR- A image of its southern portion, geologic units can be traced 
over large areas The curving structure that extends from G1 to E2, for 
example, is the San Rafael reef which is composed of Navajo Sand- 
stone and rocks of the Carmel Formation Repeated transgression and 
regression of Mesozoic seas n the area resulted .n formations of eco- 
nomic ir.iportance, such as coal and the uranium-bearing Salt Wash 
Sandstone, which was enriched by mineralizing fluids because of ns 
permeability 


The accompanying image was produced from Heat Capacity Map- 
ping Mission (HCMM) data (Ref, 7) The rwmmal resolution of the HCMM 
image is m The area common to the SIR-A swath is bounded by 
black lines. Bright areas on the HCMM image correspond to high thermal 
inertia One formation of high thermal inertia is the massive Navajo 
Sandstone The cliffs it forms can be seen on the SIR-A image at D5 and 
El to E2 Low thermal inertia formations include unconsolidated alluvia! 
deposits in the San Rafael Desert at H 1 , H2. K 1 . and K2, and the T ununk 
Shale at D5 and E5, 

(The text is by courtesy of D L Evans.) 
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20 km 


SIR-A image due to such factors as illumination direction, resolution, and 
incidence angle Bedding along the Santa Ynez Range on the Seasat 
image is obscured by the dominant returns from the steep slopes of the 
drainages; howevei'. on the SIR-A image the bedding is quite pro- 
nounced. The drainage channels normal to the coastline are easily 
traceable on the S'R-A tmaga, but on the Seasat image are obscured 
because < >f layover. On the other hand, the obvious drainage patterns on 
the Seasat image {At to C2 on the SIR-A image) are not seen on the 


A further contrast in the Seasat and the StR-A images that shows 
the difference local incidence angle can make is seen in the radar returns 
from the ocean surface The small incidence angle of the Seasat SAR 
produces bright tones on the Seasat image due to ocean surface rough- 
ness. The large incidence angle of SiR-A produces a black tone on the 
SlR-A image due to specular reflection. Bright point targets that a>rre- 
spond on both the Seasat and the SIR-A images southeast of Santa 
Barbara {e.g,, G4 and H3) are oil platforms. 


the frontispiece of this report. 
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The Vogetkop Peninsula (Jazirah Doberai) of Irian Jaya is located at 
the north margin of the Australian continental plate Two widely divergent 
structural trends dominate the area. Tho first includes the broad sweep of 
the mountains from Al ton and the strike cf the layered rocks from A4 to 
04, which are aligned approximately with the trend of the Sorong Fault 
zone that lies north of this image. This zone of transcurrent left-lateral 
faulting marks the boundary between the Australian plate and the Pacifr 
ocean plate; its trends — from west to east to southeast- are mapped on 
the Mar and the Manokwari geologic quadrangles (Rets. 8 and 9). Axes 
of plunging anticlinal and synclinal folds that conform with these trends 


The second structural trend is revealed by the fold axes of the 
Lenggufu fold belt (F4 to J3 through J5 to K5), which are oriented toward 
the north-northeast in the Masikeri Range (K5 to FI). Another major 
indicator of this trend is a north-northeast fault that passes through 
Rumberpon Island (HI); it is evidenced by a narrow depression that 
extends to a linear bay. 

The intersection of these two structural trends ts spectacularly 
displayed by the outline of the fold structure at F2 to F4 To the east of 
this fold, the first trend is superimposed on the se<»nd. as shown by 
numerous east-west linear valley segments (FI to H3) that transect the 









A triangular-shaped area with corners atAl.Ct, and A3 has a pitted 
texture characteristic of a karst terrain with numerous large sinkholes, 
The karstic nature of this surface is further emphasized by the pattern of 
lointing {A3 to B3), which is enhanced from the surrounding terrain on the 
SIR-A image. In contrast, tf i lowland area from DP/E2 to F5/C5 is a 
tropical rainforest The forest canopy of the level D2/E2 area produces a 
mostly homogenous medium-gray tone on the image, while further south 
the canopy is modulated by slope effects that reveal the undulating 
topography. South and to the east, the coastal lowland at the head of 
Binluni Bay fG5/H5) shows a distinctive boundary between medium- 
and light-gray tones. This boundary marks the landward limit of a man- 


grove swamp. 

Few Landsat images of the area are available, and virtually none is 
cloud-free. The Landsat coverage in the near-IR wavelength shown here 
IS a mosaic of images acquired in November 1973 (right) and in August 
1 978 (left). While these images are among the best available, they reveal 
two important shortcomings. First, the topography of the coastal r^ion in 
the right image is virtually indistinguishable because the solar shadowing 
is inadequate. Second, most of the landforms on the left image are 
obliterated by clouds and the shadows of clouds No Landsat image is 
available that shows the fold structures seen on the SIR-A image in the 
area bounded by D3, F2, D5. and F4. 
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to dark-gray areas on the Landsat images within the granite core repre- 
sent pisolitic fimonrte deposits in old river channels that are not readily 
perceptible on the radar image. A large north-trending dike thattrans^s 
the granite from D3 to C2 is bright on the radar image, presumably 
because of a surface-roughness differential relative to the host rock. The 
dike IS visible but less prominent on the Landsat image to the left of the 
junction line. Numerous smaller northwest-trending dikes appear as thin 
bright lines within the granite. 
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Landsat Band 5 



The outcrop width of the surrounding Proterozoic layered rocks 
vanes with the dip. The outcrop width is very narrow at B4 to D4 where 
the dip IS 70 deg or more and quite wide to the west at A2 to 82 and A3 to 
B3 where the u.D is 40 deg or less. Lateral offsets of the outcrop in the 
area from A3 »o B1 result from faults that trend parallel with the small 
dikes in the g’'amte core Another prominent dome to the southeast 
(centered at H3rH4) shows mostly bright radar returns from the core 
area and metis 'im -gray tones on the Landsat image. 


The rocks mapped in this area are Lower Proterozoic volcantcs. The 
outcrop pattern shows plunging synctines centered at G1/G2, from E3 to 
A5 (Hardey Syncline), and from D1 to FI (Turner Syndine) A major 
hematite deposit occurs on the south limb of the Turner Syndine 
(D!/E1), 
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6. Sierra Mcdre Oriental, Coahuita, Mexico 



The Sierra Madre Oriental is a fold belt of Jurassic and Cretaceous the rocks are mostly Jurassic to Lower Cietaceous. West of the corridor 

sedimentary '•ocks in northeast Mexico In this scene, which is mostly in the mountains are more gently folded in wide open patterns and eleva- 

the Stale of Coahuila. there is a strong contrast in the folds on either side lions do not exceed 2700 m. The folds are breached, doubly plunging 

of a major corridor (01 to D5>, which contains the city of Saltillo (D2 to anticlines, and the rocks are mostly Upper Cretaceous. The folds have 

04 ). To the east of this corridor the mountains are lightly folded and an east-west trend on each side of the corridor at Saltillo. About 20 km 

reach ele.d'ions in excess oi 4000 m. The folds consist of extensive east of Saltillo, this trend changes to the southeast through a broad 

subparallel, doubly plunging anticlines and associated synclines, and sweeping curve (HI to G5), 
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and partially vegetated surfaces in the intermontafre areas are floored 
with clastic Cenozoic sediments that appear dark gray to black on the 
radar image (e.g„ E3). These surfaces show a high albedo at the IR 
wavelength and are relatively bright on the Landsaf image. Rectangular 
patterns in varying shades of gray in the lower right part of the radar 

image (H4/H5 to K4/K5) denote cultivation. This area is In the State of 
Nuevo Leon. 
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man Pro v nee, the hills and mountains 
!S, and the lowlands are formed bv the 
are underlain by sandstone, shale, and 
rhe basins are floored with Quaternary 
have been broadly folded and faulted 
nd restricted to local areas adjacent to 
jrous stream channels that originate in 


the hills and ridges at about 800 to 900 m elevation dry up on the basin 
floors at about 300 m. A notable cross-cutting stream channel formed by 
the Nan River transects the ridges fE3 to E4) and proceeds beyond Sibi 
to the Kachhi Plain south of the area covered in this scene 

Bedding traces along the ridges are strongly enhanced and apf»ar 
bright on the radar image (e,g„ Cl to B3. and OS to K3}, Steeply dipping 
to vertical or overturned strata appear as very narrow traces; more gently 


mms 






sive linear feature Numerous other faults of lesser extent occur in the 
area of this scene The Landsat coverage in the near IR waveleoglh 
provides a comj. 'ementary image Ridges are dark, and enhanced by 
solar shadowing. The enhancement is less prorwunced than on the 
SIR-A image Allu**;at deposits in the bastnal areas provide a h»gh 
albedo, and appear very bright 


dipping strata yield a pattern of flatirons as at F3/G3 The forrr of the 
ndqes denote'^ a senes of plunging anticlinal structures as at J5. G3 to 
i'i G ' and H t The ailuviai cover in the basins yields low radar returns 
appea' med'um to darV gray on the image The basins are syna-nal. 
ard me appro/ur-afe positions of mapr synclifial axes are indicated by 
dasbed fines on the '■adar mage A normal fault from E1 to K2 is 
evidenced by ^ remarkable contrast in image texture across this exten- 
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(il) Linear and Intrusive Structures 
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One of the most •‘triking examples of extensive linear structures 
seen on SIR-A and La. .dsat images is displayed here by the Kalpin Choi 
Tagh (mountains) and ‘he Chong Korum Tagh in northwest Xinjiang 

Province. China. These mountains have been folded and faulted from 
late Tertiary to Quaternary times. The area exhibits active tectonism and 

intense earthquakes. 

The lineament from Ai to AS is a fault wun up to 10 km of horizontal 
displacement. The lineaments at B5 and C5 are active faults that offset 
the Kalpin Mountains. An earthquake of magnitude 6.8 on the Richter 


scale was recorded along the fault at C5 in 1961. 

Dip directions in the area bounded by B2. 83. D2, arKJ D1 indicate 
the presence of a syncline that plunges to the west-southwest. The 
pattern of flatirons (e g . K3 to G5) denotes the dip direction of the layered 
rocks that underlie the dip slopes. Rock slides on the north side of the 
mountains (D4 and C5) locally obliterate traces of the bedding. Bedrock 
consists primarily of limestone, sandstone, and shale sequences of 
Lower-Paleozoic age. 

Comparison of th . SIR-A and the Landsat images shows significant 
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9. Sierra imerl, Amazonas, Venezuela 



The portion of the Amazon rainforest shown here is in Venezuela, 
about 50 to 70 km r omi of the Brazilian border Detailed maps of this 
remote area are not available The dense vegetation yields a generally 
uniform medium- to light-gray tone on the SIR-A image, Daspite this 
heavy cover, the topography of the area is well displayed nn the radai 
rr.age, because slope effects locally modulate the backscatter to pro- 


duce bright tones at foreslopes and dark -gray tones at backslopes. 

Such effects are noticeable in the area of the dissected plateau from 
A5 to D2/E2 to F5. "^his plateau is underlain by arKieni layered rocks that 
are the equivalents of the Roraima Group in Brazil, Lti>ear escarpments 
and canyons m the plateau are probab.y fault-controlled Subtle changes 
of gray level on the east-facing pediment slope balow the plateau from 
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A 4 10 Uc? may reflect vegetation changes. 

The dissected mountains east of the Rio Siapa (Fl to F5) are 
underlain by Archean granitic rocks that have been tectonically de- 
formed The tectofwsm has produced a strong northwest jointing pattern 
that IS clearly displayed on the SIR-A image in the area bounded by G2. 
F5, J5. and K1 . This corresponds with a regional tectonic trend that has 


been mapped in adjacent areas of Brazil. The circular feature at D3, D4, 
E3, and E4 is probably a pluton or a carbonatite, 

The Landsaf coverage shown here in the near-IR wavelength is a 
mosaic of the best available images (i.e., those with the least cloud 
cover). These Landsat images show very little of the topographic fea- 
tures seen on the SIR-A image. 




This desert is a late-Precambrian shield between the Nile River and On the Landsat image (near-IR wavelength), the high-standing hills 

the Red Sea It is approaching a peneplained condition, and major rock appear dark, but the weathered cores have a high albedo and appear 

types can often be distinguished on the basis of their outcrop bright. Nubian Sandstone appears bright on the radar image and shows 

morphology. a distinctive dendritic drainage pattern (At to AS), Recent sand ar« 

Uttramafic bodies occur in areas of high relief (84/85, C4/C5, D5, gravel are smooth at the radar wavelength and they appear dark, espe- 

and E5). which appear bright on the radar image. Granite plutons are cially along the dry river beds (wadis) as from A3 to D2 and E4 to G2. On 

characterized by their circular outline and by the presence of dike the Landsat image, the dry river beds are bright, 
swarms (03). Resistant outer zones of the plutons form high-standmg Major faults are also apparent on the radar image, some of which 

hiHs (bright) that surround strongly weathered cores (dark) as at H1/J1. have not been previously mapped. The age constraints on some at the 

The plutons intrude a metavoicanic-metasedimerrtary complex, which units affected by faults or lineaments allow construction of a relative 

makes up the remainder of the Precambrian outcrop area. chronology among three lineament sets observed on the radar image. 
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Band 7 



J 20 km 


The oldest lineaments trend west-northwest (E1/F1 through F2). They 
do not visibly cut any of the grarnte plutons, and they are displaced by 
faults in the second lineament set, which have a northerly trend, such as 
that from FI to E5. A left-lateral displacement of 2 km on this fault is 
observed in the pluton at E2/F2, The strike of this fault is approximately 
parallel to tfiat of the Dead Sea-Gulf of Aqaba Fault, which is an active 
left-lateral transform fault Another fault in this second set transects the 
Gebel Kadabora pluton at J4, This major north-trending fault set was 
therefore active after intrusion of the posttectonic plutons; it may be 
related to post-Cretaceous transtom < faults associated with Red Sea 
rifting. The offset on the Gebel Kadabora fault is more clearly displayed 


on the Landsat image. 

The third lineament set trends northwest, parallel to the Red Sea 
coast in this area. A majoi' fault in this set (A1 to A5) provides a strong 
contrast on the raoar image between bright tones from the Nubian 
Sandstone on the upthrown side and dark tones from the Recent allu- 
vium that covers the downthrown side. This feature is an extension of 
previously mapped faults to tlie north and south. It forms part of one of 
the longest well-defined lineaments in the Eastern Desert. 

(The text is by courtesy of T H. Dixon.) 
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Approximately 300 km west of the boundary point common to Mali, 
Niger, and Algeria lies this exceptionally arid area in ©astern Mali, which 
IS inhabited by only nomadic tribes, It is underlain by a Precambrian 
gneissic basement assigned to the Kibaran orogeny (900 to 1 100 Myr). 
The basement has been widely iritruded by younger granite plulons and 
associated dikes. The plutons form circular mountains with sheer cliffs 
that rise about 200 m above the surrounding plateau. They appear very 
brigtit on the SIR-A image, particularly around their margins: notable 


examples are Adrar Idjounyan (C5/D5) and Adrar llebjan (05 to F5). 
Other less topographically distinct plutons occur from G5 to J5, K1 to K3, 
and in the area bounded by Dl, Fl. E2. and F2. Smooth level areas 
within the plutons are eroded cores that appear dark on the radar image. 

Thin, bright wavy lines through the plutons conform to the trend of 
adjacent dikes, which parallel the north-south regional tectonic structure 
in the area. Local deviations from this trend occur as an arc (F4/Q4) 
where the dikes trend northwest toward the pluton at F2, They may be 


38 


(Atirr 


■e<3er diMes assoctated with the intnjSHSri of the pluion Lseear offsets a* 
^ P2 aod H.2 denote postintrusion fauitfftg Offsets on the northwest 
af^io rj Adraf ld|Ounyan tC4'D4j are onented to the northwest The 
•a! area ''x.cu&ieo o> me dikes sn this scene suggests that a stjbstantial 
ot east -west djiafion n-tust ha^e occurred »o allow their 
"'Piar^ement 

Le,fe‘ areas r/ staDii'4ed car n oh the Sahara Plateau are very dark 
' "•■e ir^age as are drainage courses ftiied with sa^nd lAi to 03) The 


area (S drained by the T items Vattey southward mme 200 ton to the N^er 
River The Landsat mage m the near-IR wavetengtfi was acquired atout 
9 years before the SiR-A image, at the same season to htovember. On 
the Landsal image, the rock outcrops are dark, whrte smooth samf- 
CQvered surfaces are bright. The oottines of the plutoos are mocterateiy 
dear though the dikes are obscure 





ILLUMINATION 


These domes lie southeast of the Caspian 3ea among deposits that 
■'artge in age from Eouene to Miocene and form part of the Central Iranian 
Depression. The elliptical domes are 5 to 8 km across the major axis. 
Surface roughness probably accounts for the very bright radar returns of 
the central part of most domes on the image, but Ircaf slope conditions 
are likely responsible for the strong signals at those margins that lie 
normal to the radar illumination. Several dome-KKe features that appear 
on the SIR-A image (e,g„ G2 and H2) are not shown or, the geologic map 
of the area (Ref. 12}, ^ 

The relation of the intrusive domes to the surrounding sedimentary 


rocks IS seen clearly at F1/F2 through GI/G2, The predominant forma- 
tion .s the Upper Red, the middle part of which is dark in tone; the upper 
part IS brighter and folding is more apparent. Swamp and mudflat 
deposits overlay this formation unconformably (see sketch map) The 
southwest portion of this image from A3 to AS fhrough C3 to C5 is a large 
salt flat. The boundary of this flat (see sketch map) is very bright and 
irregular ^ 

Thrust fault in this area (H 1 to K2 and D3 to H5) have a bright linear 
appearance on ihis image. Synclines and anticlines (D2/E2 and H4 

through K3 to J5) show distinct outcrop patterns. 
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13. Altyn Tagh Fault System, Gansu, China 


0 1 1 1 I I 20 km 

from G3 to D4. The fault and truncated ridges are clearly evident on the 
Landsat image in the near-IR wavelength. The abrupt change of gray 
tone in the upper parts of J2 and K2 on the SIR-A image probably 
represents a fault th at separates bedrock outcrop (bright) from alluvial 
cover (medium to dark gray). A corresponding change of image tone is 
not evident on the Landsat image. 

A large alluvial fan in the area from K5 through K4 to G5 on the radar 
image is mostly dark gray, probably due to low backscatter from smooth 
surfaces. Bright radar returns along the outer margin from G5 to K4 
indicate coarse-grained sand deposits at the base of the fan. To the east. 


t ILLUMINATION 


The linear topography from A5 through G3 to K2 represents the 
surficial expression of a complicated thrust and strike-slip fault system in 
north-central Chirra The system shown in this SIR-A image is a linear 
extension of the Altyn Tagh Fault to the west, and, to the east, it bends 
southeastward to join the Gansu Fault, The Altyn Tagh and the Gansu 
are major left-lateral strike-slip faults. The faulting and deformation ex- 
tend over 3000 km. from west of the Tarim Basin to the Shanxi Graben 
(Ref, 13). 

The trace of the fault from A5 to G3 is marked by a strong contrast in 
image tone. Truncation of ridges and left lateral drag are most evident 
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Uindsat Sand 7 



beyond the iimits of the image, much of the water that reaches the fan 
f'om the Shule Nan Shan (mountains) to the south is diverted by canals 
for irrigation The Shuie River flows north through the fan (off the image to 
the east) and bends sharply to the went at K3, From there it drams west to 
an interior basm beyond A3, closely following the foot of the alluvial cover 
in the upper hall of the image This cover is at the foothills of the 8ei Shan, 
off fhe image to the r orth It is easier to follow the drainages m the alluvial 
cover on the Landsat image However, differences in image tone across 
the alluvial cover on the SIR-A image suggest diffeiences in gravel size 
that are not evident on the Landsat image 


The area receives less than lCK3-mm artnual rainfall and it is sparse- 
ly populated. Irrigation permits limited agriculture tn the Shule valley, as 
seen by the pattern of fields adjacent to the town of Anxi (C3). artd at 
E4/E3 to F3. The dominant crops consist of millet, com, and winter 
wheat A reservoir and dam on the Shule at G3 on the SIR-A image are 
more strongly contrasted on the Landsat image. Thin bright tines from A1 
through C3 to H3 and from F1/G1 to K2 represent road and rail routes, 
respectively. 
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(ill) Dissected Plateau and Plains 



14. Pakaraima Mountains, Guyana (South America) 



0 I 1 I I I 20 km 


t ILLUMINATION 


The Pakaraima Mountains in western Guyana are a series of dis- 
sected plateaus and mesas with elevations from 1000 to 1500 m. The 
area is covered by a dense tropical forest that yields a generally uniform 
medium-gray tone on the SIR-A image, except at A l to A3/B3, where the 
forest gives way to savanna grassland Deep precipitous canyons cut the 
plateau: the canyons are enhanced on the image by bright returns at the 


foreslopes and shadowing at the backslopes. 

The upland is directly underlain by flat-lying sedimentary rocks of 
the Roraima Formation. The plateau escarpment (B1 through E4) fol- 
lows an easterly linear trend for about 40 km. 

The wide lowland valleys are underlain by mostly basic igneous 
intrusive rocks of Mesozoic age. Extensive linear segments of stream 
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valleyj and drainages are shown by dashed lines on the accompartying 
sketch map: these features are structurally controlled. The Kamarang 
River channel {A4 through B1) shows linear offsets that follow joints 
and/or faults. The Masaruni Valley is situated in a north-trending linear 
trough (HI through K1) about 10 km wide. 

There is a subtle textural difference on the radar image between the 


plateau and the lowland valleys. This difference is most pronounced in 
the area bounded by H2, F3. G5. J5, and G3. The relatively small 
daik-gray lowla xJ areas adjacent to major streams (e.g., F4/F5, M/AS, 
and D2/E2) ar e for ast areas cleared by slash-and-bom mettiods to make 
room for transient subsistence agriculture. Very few Landsat images of 
tfie area are available— none are cloud-free. 
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This scene in east-central Colombia covers part of the upper south- 
west drainage of the Orinoco Basin The region is drained northeastward 
by the Guaviare Rive>' (J5 to K4), which is a major tributary of the Onnoco, 
and by numerous smaller tributary streams. The terrain shows a strong 
contrast in elevation and surface covet. 

The dense tropical ra«n forest to the south and east lies at elevations 
mostly below 100 m This forest canopy provides uniformly bright radar 
returns over a large area, and obscures the channels of smaii streams 
that can be seen only with difficulty {e g , from D5 to K1) Abandoned 


meanders of the Guaviare, however, are outlined by their horseshoe 
shape, and by the strong contrast in image tones from black (open water) 
to medium and light gray (forest). Bright tones that locally outline sectors 
of the abandoned meanders probably come from vegetation standing in 
water. Bright tones also mar*' a former positton of the stream channel 
( J5/K5), where it has been filled in by vegetatioi. and accreted sedimertt. 

To the north and west, the sun ace consists mostly of dissected 
plains with a predominant grassland cover. Tlie bourrdary with the rain 
forest is strongly marked on the radar image by a rxintrast from bright to 
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cfai'k tones; ft coincides ctosel/ v^tth the 200-m contour shown on the 
geologic map of Colombia fRef 14). The grasslands, which nse to 
elevations above 300 m. yield tow radar returns and appear m medium- 

to-dark shades of gray The plains are underlain by terrace deposits of 
glaciofluvtal origin These deposits have been deeply dissected by a 
wei!“dtve!OF^ dendritic drainage network The drainage pattern is 
strongly enhanced on the SIR-A image by the bright returns from the 
forested sti * im channels. There is no area of mapr habitation in this 
scene . it is quite remote with a population density of less than one person 



per km* The grassland is used for grazing livestock. 

The Landsat image in the near-!R waveler^th shows a relatively 
high albedo from the lowland tropical forest and from the stream chan- 
nels that dissect the plains The grasslands on the plains reflect a range 
of darker gray tones. Large expanses of dark gray result mostly from 
controlled burns used to clear dead vegetation and renew the fertility of 
the soil 






1 6. Dunes Nonhoast of Ndjamena, Chad (Central Africa) 
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The Lake Chad Basin is in the infertropical convergence zone that is 
subjected to southwest and northeast Saharan winds, depending on the 
season. The dunes are c nented with their long axes transverse to the 
prevailing winds They are part of a sand sea built by the prevailing winds 
from reworked alluvium during one or more episodes of aridity when 
ancestral Lake Mega-Chad receded 

Recession of the lake left widespread arrays of large dune ridges 
standing above the interdune fla^s. These arrays are characterized by 


abandoned or ephemeral drainage channels, wirKl-eroded lake beds, 
rough salt playas, and vegetation The dune ridges from A1 to G5, whose 
long axes are aligned parallel to the direction of the incident radar beam, 
are mostly dark. The identification of dune patt€>ms on the SIH-A image 
results from the bright response of the vegetated interdune flats, wh'ch 
are grassy savannas. The existence of this vegetation is verified on the 
Landsat image, where the interdune flats appear dark because of chloro- 
phyll absorption in the visible-red wavelength. A near-IR wavelength 
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Landsat image of the same area, however, is also dark in the interdune 
area, indicating that the area is wet, A recent map of the region shows 
these flats are intermittent lakes. 

The overall irregularity of the large sand ridges is tyoical of old, 
vegetated, inactive dunes that have been weathered and eroded under 
conditions of climatic oscillation. The occurrence of the intermittent lakes 
indicates additional erosion due to water. The drainage pattern at A5 
through B5 indicates the slope of the terrain and suggests that rainfall is 


prevalent. Close comparison of the SIR-A image acguired in November 
1981 and the Landsat image acquired in February 1975 shows litfte 
change in the general shapes of the larger dunes during the interval. 
The dunes in the darker region oounded by A1, Ki, and K5 are 
smaller and more sparse. The vegetation in this region is denser 
savanna shrubland. 
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17. Dunes, Oman, Arabia 


The Ramlat A! Wahibah sand sea along the eastern coast of Oman 
meets the Arabian Sea at the bright linear feature (K3 to K5), which is the 
sand and gravel coastline just sou‘h of Ra's Jibsh. Small crescentic 
dunes cover the eastern part of the image (Hi to J4), while large linear 
compound dunes cover most of the upper half. In some locations, these 
dunes reach heights of 90 m above the surrounding ground. Their 


average wavelength is about 2 km. At G4 to C4, the dunes are linear 
simple, with a much smaller wavelength. The area at A5 is co’^ered by 
sand and gravel deposited by the Wadi Matam. TTie Ramlat Al Wahibah 
sand ;ea ends abruptly at Jebei el Madar, off the image to the north. 
These dunes were formed by northerly winds. Because thev surfaces 
are smooth, the dunes return a weak radar signal: it is the desed 
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18 . Kara Kum Desert, Turkmen S.S.R. 



Thts southern part of the Kara Kum desert lies east of Mary in the 

Turkmen S.S.R.; tt is srtuated on an atiuviat plain north of the mountairrs 
tnat border Iran and Afghanistan. Precipitation in this region is less than 
1 DO mm/yr. and the cotton farming towns of Mary and Bayram-Ali {just 
above the left corner of the image) depend for irrigation on the Kara- 


kumskiy Canal (G 1 to K2), which is fed from the Amu Darya River to the 

east. This canal, started in the fifties, is now 1000 km iong. The cultivated 
fields from At to B1 through A3 surround the Murgab river. 

The dunes or Kara Kum consist of rework^ alluvial sands 
deposited thousands of years ago by the ancient Amu Darya, whose 
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course has gradually shifteo to the east. These dunes have a barchanoid 
form consisting of adiacenf crescentic segments The SIR-A image 
shows mainly the large dunes, which are atx>ut 25 meters high. Their 
sli places are oriented toward the south with their ridge axes perpien- 
dicular to the direction of illumination This orientation leads to a large 


difference in the incidence angle from one side of the dune crest to the 
other, which results in a significant difference in radar backscatter. In the 
Landsat image in the near-IR wavelength, the dunes are perceptible 
because of solar shadowing, but the cultivated fields along the Murgab 
River cannot be distinguished as they can on the SiR-A image. 
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19, Badain Jaran Desert, Nel Monggol, China 



f ILLUMINATION 
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The Badaln Jaran Shamo (Desert) of Inner Mongolia, China, con- 
tains some of the tallest dunes on Earth, reaching heights of more than 
300 m. They are compound crescentic dunes (megabarchanoid) with 
numerous spring-fed interdune lakes. 

The SIR-A image shows that specular returns from the crescentic 
dunes come solely from the south-facing portions of the maj jr east- 
southeast-facing slip faces. This suggests that sand-dune migration is 


southw.ard, driven by northerly winds. 

The Landsat image, however, taken in the visible-red wavelength, 
shows that each wavy dune ridge consists of numerous adjacent cres- 
centic segments, about 2 km across the crescent, and that the steeper 
slops <aces the east-southeast. 

It is clear, then, that the SIR-A image gives a false impression: 
because only the south-facing part of each curved slip face was rrarmal 
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to the ndar beam, the resulting image suggests that dune orientation is 
67 deg south of the true direction, 

^ Near the Yabrai Shan Mountains (F5 to H5 through K1 to K3). the 
rriegabarchanoid ridges grade into isolated sharp-crested dune ridges 
and star dunes, the result, probably, of the mountain ridges' effect on the 
transporting capacity of the winds. The change in dune shapes was not 
detected by S’l-A because the lo. g axes of the narrow ridges near the 


mountain lie almost parallel to. rather than normal to, the direction of the 
radar beam. 

Numerous spring-fed interdune lakes are clearly seen in the lower 
left of the Landsat image. They give a response as dark as that of the 
dunes on the radar image, where the lakes are outlined by thin bright 
lines that probably represent thickets of reeds and other marsh 
vegetation. 
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(v) Volcanic Terrain 



2t*. Pinacate Volcanic Field, Sonora, Mexico 



0 1 i I I 1 20 knt 


t ILLUMINATION 


This basaltic volcanic field (Dl fo D5 through G 1 to G5) covers over 
2000 km’ and reaches an elevation o< 1200 m at Sierra Pinacate (F4) 
Over 650 exposed basaltic flows, neaily all of them aa-type, range in age 
from Late Pleisto .ene to Holocene. The accompanying Landsat image 
has been high-pass filtered to d'splay the dark volcanic field and the 
bright sand dunes simuitaneously. The image tone is the high-passed 
average of bands 4. 5. and 7. 

Tit“ youngest lava flows in the Pinacate Volcanic Field are brightest 
on the radar image. This results from their roughness, which decreases 
with age because of erosion and infilling with eoltan material. On the 


Landsat image, the youngest lava flows are the darkest 

The volcanic field is characterized by eleven large tuff-rimmed 
explosion-collapse craters and numerous small cinder cones. The small 
size and smoothness of the cinder cones renders them dark and difficult 
to discern on the radar image, though several can be seen along a 
northwestward trend that intersects Sierra Pinacate at F4. 

The influence of ground water on the creation of these spectacular 
craters is emphasized by the fact that several of them are located along 
the former course of the Sonoyta River, now located at H1 through H5. 
Some reveal a rttultistage history of explosion and collapse. The larger 
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craters are readily perceived on both the SIR-A and Landsat ."nages. 
They range in diameter from 900 to 1600 m and include MauDougal (D3). 
Elegant (G3). Sykes (E3;. Cerro Colorado (G2). and Celaya (F2) The 
craters have gullied, moderately rough rim slopes that produce a bright 
ring cn the radar image On the Landsat image, the relatively dark ejecta 
produce a dark image tone The crater floors appear dark on the radar 
image and bright on the Landsat image because of infilling with smooth 
fine-grained material from the crater walis and playa deposits 

The volcanic field is encroachen on the west and south by the 
Sonora dunes. Because the dunes art smooth and lack vegetation, they 


appear on the radar image as barely discernible northwest-trending 
black bands, as at 84 They are outlined by the lighter .nterdune areas, 
which are slightly rougher and have a limited vegetation cover. On the 
Landsat image, the dunes appear brighter than the interdune areas. The 
sui rounding block-faulted mountains show a northwest trend ttiat is 
typical of the basin-and-range tectonics in the region. The mountains are 
formed primarily of pre-Tertiary granitic and melamorphic rocks 
(The text is by courtesy of R. G. Blom.j 


m 



21. Western Galapagos Islands, Ecuador 
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A fjortion of loabela Island dominates this SIR-A image of an area 
approxtntately 1000 km west of Ecuador. 

The Galapagos IslarxJs are of particular interest because of their 
proximity to the Galapagos Rift, which is an active spreading center. 
Santiago {or James) Island (K2/K3) and Rabida (or Jervis), the small 
island at K4, are both s'ngle-shield volcanoes, although several parasitic 
cones can be seen on Santiago Island at K2 

Isabela Island, which dominates this image, is composed of six 


coalescing-shield volcanoes, five of which have been active in historic 
times, and three of which can be seen on the SIR-A image. 

Alcedo Volcano (G1) rises 1130 m above sea level. This is the 
smallest volcano on the island and has had the fewest historic eruptions. 
Much the volcano is covered with vegetation However, fresh flows, 
whicv. -.>e bright on tne SIR-A image at G1/H1 and F2, are dark on the 
Landsat image, which was taken in the visible-red wavelength. Sierra 
Negra Volcano {D4, D5, E4, and E5) reaches 1080 m above sea level 
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This volcano is the oldest on the island and has the shallowest caldera 
Cerro Azul Volcano (A3/A4). the youngest volcano on the island, 
rses 1 690 m atx>ve sea level Fissures that radiate from the mam caldera 
control the associated cones and flows 'Tiere is also a fissure zone at A4 
through C4 that links Cerro Azul and Sierra Negra. Two eruptions on rhe 
lower slopes of Cv,t ro Azul between 1 963 and 1 973 filled this area with aa 
and pahoehoe flows There have also been pyroclastic eruptions of 
Cerro Azul that covered the higher slopes of the volcano with ejecta A 


tuff cone car< be seen at the northeast edge of the caldera floor (B4). 

The combination of Landsat and SIR-A images of this area make it 
possible to estimate surface roughness and vegetation cover of the 
various flows. 

(The text is by courtesy of D. L. Evans ) 
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22, Volcanic Field Northeast of Damascus, Syria 
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The lava flows and volcanic cones (hat occupy most of this scene 
are located m western Syria, northeast of Damascus, toward the north- 
west margin oi a widespread volcanic field. This fielo extends southeast 
for about 450 km through Joroan, to the Al Harrah region of northern 
Saudi Arabia It is composed of basaltic and andesitic rocks that are 
mostly Neogene in age 

The lava flows on the SIR-A image range from medium- to light-gray 
tones They show a pronounced margin that can be traced from Ft to K2 
and from K3 to K4. The abruptness of this margin reflects the contrast 


between the rough surfaces of the lava front, which appear bright, and 
the smooth, level surfaces of the material at the base of this frorit. which 
appear dark The lava surface is extensively pitted in the area bounded 
by Cl. FI. K4, and A2, with dark returns (eg., H4/H5) coming from 
depressions that are probably floored with layers of wind-blown sand. 

A large cluster of cone.s is situated in the B2/C2 and B3/C3 area 
The SIR-A image shows an east-southeast alignment of the cones from 
C2 to E2 and from C3 to E3. which is evident though less dear on the 
Landsat image in the near-IR wavelength. A south-southeast fracture 
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pattern from C2 to E3 and from C3 fo E5 is clearly displayed on both the 
radar and the Landsat images. 

Two phenomena point to the possibility of eolian deposition over the 
volcanic f'eld First, the trace of fhe lava margin irom A3 to B4/B5 to A5 
and from A2 to Bl is diffuse and irregular. Second, the clustered cones 
are situated to the southwest of parallel linear sand streaks that extend to 
the northeast A dominant southwest wind could account for bo*h phe- 
nomena: selective deposition of sand partially obscured this margin of 
the flows ana created the linear sand streaks that formed in the lee of the 


volcanic cones. 

The brightness of the radar returns from fhe lava surfaces shows 
significant local variation. Very bright returns represent rougher and 
probably your>ger flows than the darker returns from smootfier, probably 
older flows. Notable examples are at Dl/El, F2/G2, E3. and F5. These 
contrasts are less clear on the Landsat image. 
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and Rtnca. The stratovolcano at Mt, Apt on the island of Sangeang (At, 
A, B1, and B2) is active It has several flanking calderas near the 
sui jmit and steeper and less deeply dissected slopes than the older 
volcanic cones Also, the coastline is comparatively smooth in outline. 
Bright linear patterns on the water surface between the islands of Sum- 


bawa and Komodo represent areas of roughness at the scale of the radar 
wavelength (23 cm). The roughness may be caused here by the conver- 
gence of marine currents. 
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Landforms in this area of southern Guatemala include numerous 
extinct stralovolcanoes with elevations from 1600 to 2000 m, small lava 

domes, ander cones, and calderas and their associated lakes: the 
Pacific coastal piam lies from A3 to A5 The volcanic rocks are Tertiary to 
Quaiernary in age, mostly of intermediate to acidic composition. 

Some of the larger stratovolcanoes are Tecuamburro f,\2/B2 to 
A3,'B3j. Cfui Quemada (B3/C3 to B4/C4), and Suchitan (H5/J3). The 
Rio de los Esclavos (C3 to A5) drains the area towarrl the Pacilic Ocean, 


The SIR-A image shows bright radar returns from the steep slopes of the 
volcanic cones The large caldera at E2/F2 to E3/F3 contains Lake 
Ayarza. This caldera is clearly defined by the bright returns from its steep 
northwest wall, and by the land/water boundary that marks the margin of 
the lake. Another large caldera at H4 also provides bright radar returns 
from its steep northwest wall. However, because it contain J a very small 
lake ;Refana), the caldera is less clearly outlined On the Landsat image 
in the near-IR wavelength, the outline of *his caldera is more pro- 
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nounod. Other small lakes tn cer^tra! craters include Lake Hoyo (H3. 
lower left) and Lake Ipata (K4 lower right) bmail cinder cones to the east 
O' Suchitan volcano (H5 to K5) are equally perceptible on the SIR-A and 

tne Landsat images 

The alignment of linear features from C 1 to E5. and the offset in this 
alignment at E4 (lower left) are mapped as a fault zone on the geologic 
map of Guatemala (Ret 16) This alignment is less clearly defined on the 
Landsat image 


Perception of towns or villages on the SIR-A image is strortgly 
dependent on the oriehtafion of the streets and buldings relative to the 
direction of radar illumination The town of Mon)as (H3). about 16 km 
northwest of Suchita volcano, appears bright on the radar image, 
though it IS a small mu.iicipal town The much larger Department capital 
of Jutiapa (F5/G5). however, which is situated an approximately equiva- 
lent distanca southwest of the volcano, is scarcely perceptible on the 
radar image 
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25. Chott Merouane and Chott Meirhir, Algeria 


ILLUMINATION 


Chott Merouane (B2 to C2 through B5 to C5) and Chott Meirhir (E2 
to H2 through E3 to H3) are located m the Sahara of northeast Algeria, 
some 80 km south of me Aures Mountains, The chotls are playas 
situated 40 m betow sea level. Their surfaces are level, and they contain 
layers of salt deposits. Occasionally in winter the chotts are partially filled 
with a thin layer of water. Chott Merouane is flanked to the northwest by 
calcareous rock outcrops of Pliocene age (A1 to C1 ), while Chott Meirhir 
is bounded to the south and west by sand dunes (02, P3, and G5 through 


K5). The small towns of El Hour (At), Ourlr-Mrhaier(A3/A4) and Kreil 
(A5) produce very bright returns on the SIR- A image. The bright returns 
from the surface of Chott Merouane suggest a witte range of rot®hr»ss 
at the scale of the radar wavelength (23 cm). The moderate-to-dark 
returns from the surface of Chott Meirhir imply a smoother surface. 

The surface of Chott Merouane on the corresponding Seasat SAR 
image appears quite similar to that on the SIR A image. However, the 
floor n? Chott Meirhir appears substantially different on the Seasat image 
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The Landsat image in the visible green wavelength was acquired 
slightly lass than five years prior to the Seasat SAR image, and almost 
nine years before the SIR-A image. Comparison of the three images 
shows very little change in the outline of the chotts during this time 
interval At the left side of the Landsat image, the towns and oases 
appear dark because they are strongly absorptive at this wavelength. 
The surfaces of the chotts show a wide range of albedo. Chott Merouane 
appears moderate to dark, in contrast with the radar images where it is 


moderate to bright. Chott Meirhir appears moderate to bright on the 
Landsat image. This suggests a strong reflectance from salt deposits. 
The contrast between the surfaces of Chott Merouane and Chott Meirhir 
on any one of the three images may be the result of differences in foe 
amount of alluvium supplied h each case. 

(The text is by courtesy of Ph. Hebillard.) 
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because »t presents a mostly low level of radar backscatter The differ- side of the Seasaf SAR image represent railroads and highways that are 

ence betwee i the SIR-A and Seasat SAR images in the backscatter from oriented near-normal to the direction of scene illuminafton. Tim sar 


the surfaces of the chotts may be due to the difference in tiie incidence features on the SIR-A image (A1 to A5) are nearly parallel to the st^ne 

angle of the two radar imaging systems. It may also be related to such illumination, and consequently they are almost invisible on the image, 

seasonal effects as the presence or absence of surface moisture. Linear features on the Chott Meirhir that ere nearly normal to the illumina- 

Differences in the perception of exter^ded linear features on the tiondirectionof the SIR-A image appear bright (G1 and G2 to H2). These 

SIR--A and on the Seasat SAR images relate to differences in the direc- features, which are man-made, are not visible on the Seasat SAR image 

tion of scene illumination, For example, bright linear features on the left where they are nearly parallel to the illumination direction. 




26. Northern Lop Nur, Xinjiang, China 
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The area shown on these StR-A and Landsat images is just north of 
Lop Nur at the east margin of the Tarim Basin in northwest China, 
Although the region is classified as wasteland and has less than one 
person per km^, it is well known both because of its interesting geometric 
pattern and its important role in the history of desert research. In areas to 
the east and west of the present Lop Nur. the Swedish explorer Svc" 
Hedtn first described yardangs in 1905 Yardangs are closely spaced, 
aerodynamicalty shaped ridges and troughs commonly jveral hundred 


meters long. They were originally ascribed to wind erosion and thought to 
be limited to weakly consolidated lacustrine beds 't has been shown 
recently, however, that yardangs are also common in the hyperartd parts 
of the world and occur in materials ranging from crystalline igneous and 
metamorphic rocks, through Mesozoic sandstones and shales, to tough 
recrystallized Eocene limestones and well-indurated Quaternary 
sediments 

Yardangs in the Lop Nur region are easily visible on the SIR-A image 
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salt bed — is very reflective in the near-IR wavelength The high sun 
angle at the time of this Lartdsat image (59 deg) adds to the brightness of 
the feature re'ative to not only ttie SIR- A image, but other band-7 Landsat 
images acquired at lower sun angles. At the SIR-A wavelength, this dry 
salt bed appears extremely smooth. It is dark on the radar image 
because of specular reflection. Twenty to thirty years ago, this circular 
feature was the center of tne present-day Lop Nur. 


at H1/J1 through H2/J2. and at A3 They appear bright on the image due 
to their extreme roughness relative to the 23-cm radar wavelength 

Individual yardangs several ,'itometers :n length can be easily identified 
on the SIR-A image, but appear as only faint streaks on the correspond- 
ing Landsat image The yardangs in this region trend north-northeast. 
Note the overall difference between the SIR-A and Landsat images 

The Landsat image is almost a negative of the SIR-A image. The central 
circular feature in the images (F2 through F4 and G2 through G4)— a dry 



i nis part of the Great Kavtr Desert is about 300 km southeast of 
Tehran. Iran, m the innermost part of the central Iranian depression. This 
depression was affected by strong Neogene-Quaternary subsidence 
i Ref 12 ) Because the area is remote, it was not surveyed until 1973, 
Mos! uf the area is covered by Quaternary materials that include 

alluvium, and piaya and eot.an deposits. The area !o the tower right ct the 
!H3 to H5 through K3 to K5j consists of playa deposits and salt 
s At K3 and from D3 to A3, the cover is primarily swamp. Alluvial fans 


The most prominent structural feature in the image is a large, doubly 
plunging anticline from B4 to H5. The outcrop pattern reflects the differ- 
ences in backscatter of the sedimentary layers. The structure is com- 
posed Of pre-OItgocene deposits that were folded in Pliocene times, A 
large fault cuts through the center of the anticline at F4/F5 through J4 
The outcrops are part of the Upper Red Formation, The upper part of the 
Upper Red Formation outciops in a narrow band from A4 to CS where it 
appears bright. 
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(vH) Karst Terrain 



28. Maya Mountains, Belize (Central America) 



This area of central Beli 2 e has a heavy cover of tropical vegetation. 
On tf.e SiR-A image, it yields an even, diffuse radar return that is 
modulated by slope changes The vegetaiicn has been cleared adjacent 
to Belize River in the areas that appear as dark pat.^he.s (Bl to B2) 
Major ceologic um»s are shown on the gerieralized geologic map The 
mountamous terrain m the center of the image is composed of confi- 
nental-sadimentary and metamorphic rocks The rocks form rugged 
topography due to resistance to erosion or possibly due to recent uplift 
along fauiia shown on the map 

Three bodies of intrc" /e piutonic rocks at B5, F2 to G2, and F-5 to 
G5 ate characte'ized by low rounded topography that results from rapid 


weathering and erosion in the tropica! climate. Smoother topography 
characterizes the marine sediments at At to A3, and the Quaternary 
alluvium along the coast This topography is probably the result of their 
unconsolidated nature The knobby texture from A5 to D1 is character- 
istic of karst topography m humid tropical climates. Sinkholes are 
numerous, and there are several blind valleys and disappearing streams 
(ft the area. A notable example of a stream that terminates in a sinkhole is 
seen in the upper left corner of B5 and the upper right corner of A5 The 
mainland coast is characterized by marsh lagocns barrier bars, and 
offshoie barrier reefs. 

fThe text is by courtesy of T Farr.) 
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29. Cotabato Province, Mindanao, Philippines 



A range of contrasted image textures that represent the varied 
Whology and structure m southern Mindanao, Philippines, isdispir.yed in 
this SIR'A image. A narrow coastal strip extends southeastward from 
Port Lebak f A3 to K3). Notable linear to curvilinear alignments of topog- 
raphy that occur about 5 km inland and parallel to the coastal trend from 
A3 to D5, and in an east-nodheast direction from C2 to A4, probably 
denote fault structures. A dominantly karstic plateau of Lower Creta- 
ceous age covers the area bounded by A1, El, and F3; this plateau is 


deeply incised by northward draining streams. Deep canyons at B1 , Cl . 
and E2 are evidenced by the bright image tones from the foreslopes, and 
by shadows cr dark-gray tones from the backslopes. 

The alternation of light and dark image tones along and across the 
image has a nigh spatial frequency in this area. The very high spatial 
frequency that produces the fine image texture at El contrasts with the 
lower spntial frequency and coarser texture at A1. Both textures are 
rhaiacteristic of carbonate terrain that has undergone deep chemical 
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weathering and erosion Ikarst) in a hot, humid climate. Differences in the 
coarseness of the texture may reflect subtle differences in the lithology 
and relative solubilities of the carbonate bedrock, 

A major structural feature is the mountain range from F2 to J2 , which 
runs parallel to the northwest -trending Mindanao lineament just beyond 
the upper margin of the image. The abrupt contact between this range 
and the adjacent karstic plateau (El to E3) is suggestive of a fault 
botindary, or unconformable rock refations. The highest peak m the 


mountain range is Mt. Busa (H2/J2) at about 2270 m elevation. Parker 
volcano at 2040 m and Maughan Lake in the crater of the volcano are 
Situated some 12 km to the east The image texture in the area from Jl to 
K1 is typical of volcanic flows. 

The Landsaf mosaic in the near-iR wavelength shows the karst 
plateau in the area from A 1 to C 1 on the SIR-A image. The fine texture in 
the area equivalent to El is obscured by cloud on the Landsaf image. 
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(vlii) Deltas 




The Mississippi River deltaic plain consists of a succession of maior 

overlapping deltaic complexes spread over a wide area of southeastern 
Loutssana These complexes provide a 5000-year record of significant 
cf.anqes at and near the mouth of the river The SfR-A ,mage co'.ers 
portions £jt two of these complexes: the former Plaquemines Delta (G1 to 
K 1 through H4 to K4j, ar.o tne former Lafourche Delta (B1 to E1 through 
C4 to E4} The present oeita with its familiar birdfoot outline extends 
southeast beyond the lower right margin of the image. Moderate-to- 


bright radar returns come from the grasses and sedges that are charac- 
teristic of the saline- to brackish-water marsh, which occupies much of 
the land area in this scene Dense stands of swamp trees and man- made 
structures both yie'd very bright returns. They occur mostly in areas 
parallel to the levees of the Miss.ssippi River (H1 tu K5). and along 
Lafourche and adjacent bayous (D1 to E1 and 02 to E2j. 

The water/land interface is strongly contrasted on the radar image. 
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returns, notably at A3 and B5 to 05 A cluster of subparallel, thin bright 
lines shoreward from ftie coast and east of Bayou Lafourche fD4/D5) 
repre cents a succession of ancient beach ridges that are locally termed 

Cheniers 

Vegetation in me visible-red wavelength on the Landsat image is 
Strongly absorptive and apr)ear$ dark Extensive sand beaches. 
Cheniers, sediment-laden water, mudflats, and man-made structures 
have a high albedo at this wavelength, the, appear relatively bright on 


the image Swamp trees that appear bright on the radar image and dark 
on the Landsat image can thus be distinguished on the Landsat image 
from man-made structures and other features that appear b tghl on both 
images The albedo of the water on the Landsat image varies with the 
degree of suspended sediment Thus the water/land interface is locally 
obscure The offshore oil rigs and platforms cannot be seen on the 
Landsat image 
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The Red River {Yuan Hong) rises in Yunnan Province, south China 
and flows in a long, remarkably linear valley through the mountains to the 
lowlands of north Viet Nam, The city of Hanoi (Just beyond the left margin 
of A 1 ) IS situated at thc> apex of the deltaic plain that widens southeast- 
ward toward the Guif of Tonkin. The margins of the plain are clearly 
defined by linear mountain ranges: part of one (A5 through C5) is shown 
here The plain is approximately 140 km wide at the shoreline. At Hanoi. 


the river channel divides in.o two major distributaries. The Red River 
forms the main distributan/, which drains the western part of the plain 
from A1 to K3. The Duong River drains the northern and eastern part of 
the plain to the port city cf Hai Phong {not covered on the image). 

Interconnecting channels and smaller distributaries drain the inter- 
vening area of the deltaic plain Dept' its from the mcHith of the Red River 
distributary have prograded some 14 km seaward beyond the plain. A 
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These ridges are much more pronounced than the cheniers in fr.e deltaic 
plain of the Mississippi River, U.S.A. (see Scene No. 30). The ridges 
extend about 35 km inland, as far as the cities of Nam Dinh and Thuan 
Nghiep, to the west and to the east of the Red River respectively, at F4. 


lesser progradation is evident at the mouth of the Thai Binh distributary 
(J1| The seaward margin of these deposits is characterized by exten- 
sive mudflats, which are black on the radar image, On the Landsat 
mosaic, taken in the near-!R wavelength, the mudflats are medium to 
dark gray. Sand ridges along the coast (HI to K3 to J5) appear bright on 
both the radar and the Landsat images On both images as well, bright 
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32 Shaft ai ‘Arab, Persian Gulf 
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t ILLUMINATION 

The Shatt al Arab (El to E4/F4) at the head of the ‘Persian Gulf 
fornis the outlet for the combined drainages of the Tigris and Euphrates 
Rivers This channel includes the Qosbeh Reach (E2). and Al Faw 
Reach (E3 to E4) The seaward margin of the delta is characterized by 
mudflats that are locally dry at low water, but covered at high water during 
southeast gales. 

The mudflats appear black on the radar image because of specular 


N 
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reflection of the radar energy from the smooth surfaces. Open water is 
dark gray, as from B1 to C5 '*' 'ough K5 to K2. A swamp area on Abadan 
Island at F3/F4 yields similar dark-gray image tones. Date-pair” planta- 
tions yield strikingly bright radar image tones along the banks of the Shatt 
,'T AraT, and along the adjacent Khowr-e Bahmanshir (Ft to F4/G4). 

On the Landsaf image in the near-IR wavelergtfi, c^n water is 
black, mudflats are medium gray, and the swamp on Abadan Island is 
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distinguished dy dark -gray rones Dikes and sea walls are bright on the 
radar imar,)e B j, from Ci to E<J, but tr>ey are rtot pfjrccptible on tne 
I ar.dsat irr!age Shoreward of the mudflats the unimproyed desert sur- 
taces show a range of dark to medium-gray tones on the radar image 
leg CMoDI} and medtum-gray to bright tones on the Landsat image 
Terminal facilifies are yisitate on the radar image from C2/D2 to D3 on 
;ne Landsat mage m the area that corresponds with C2 to D2 on the 


radar image, they are not visible Presumably the tacilities had not been 
constructed at the time of Landsaf s acquisition in August 1977 Bright 
point-targe! returns on the radar image reveal pipetines from Fl to 
E3/D3, and lighthouse buoys that mark the navigation channel gulfward 
from the mouth of !he Shaft al Arab at F4 to F5 
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B. Renewable Resources 


The Ear*h's rener able resources imaged by SIR-A are grouped here under 
hydrology-drainage networks, agriculture, forest cover, and urban areas. The 
perception of drainage channels on the SIR-A images (Scene Nos. 33 through 
40) is largely dependent on the local image contrast along and adjacent ic. 
the channel. The wide channels of major trunk streams (Scene Nos. 33. 35. 
and 36) are readily discerned from the dark tone of the water. Narrow 
channels of low-order tributaries may be outlined by the radar returns from 
riparian vegetation (Scene Nos. 33 and 34) or. in the case of dry channels, 
from deposits in the channel (Scene No. 37). Significant alterations in stream 
channels that have undergone extensive flooding are apparent by comparing 
the SlR-A image with corresponding Landsat MSS coverage acquired years 
earlier (Scene Nos. 35 and 36); this technique can also be applied to detect 
man-made changes on a floodplain (Scene No. 38). A single example of 


mountain valley glaciers (Scene No. 40) shows a pronounced structural con- 
trol of the drainage pattern. SIR-A images of agricultural scenes (Nos. 41 
through 44) commonly show image tones the inverse of those on Landsat 
band 5 images. This occurs where an active vegetated canopy yields multiple 
backscatter at the radar wavelength, but is strongly absorptive at the visible- 
red wavelength (Scene Nos. 41 and 42). SIR-A backscatter from circular 
fields is related to multiple reflections from standing crops (Scene No. 42) 
and to specular reflection and/or Bragg scattering from plowed furrows 
(Scene No. 43). Changing patterns of agriculture are evident from the images 
of Scene No. 44. Forest canopy produces a generally uniform tone on SIR-A 
images (Scene Nos. 45 through 48). Radar images of urban areas show sys- 
tematic changes in radar reflectivity from buildings; these changes depend 
on the orientations of the reflecting surfaces (Scene Nos. 49 and 50). 
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(ix) Hydrology— Drainage NetMforks 




A plexus of drainage channels occurs where the Illinois River (D 1 to 
F 4) and the Missouri River (F5 to J5) join the Mississippi River (81 to J5) 
to carry their combined discharge south to the Gulf of Mexico These 
rivers were major rcetes for explorers, traders, and settlers. They have 
been harnessed with a system of locks, as at Cap au Gris (D4) and Alton 
(H4|. so that today they provide an arterial system of inland waterways 
that carries a significant volume of commercial traffic. The floodplains of 
the Illinois and the Mississipoi Rivers were formed by glacial meltwaters 


in Pleistocene time. Each floodplain is approximately ten times wider 
than the stream channel that now flows through it. Tire smooth curvili- 
near outlines of the floodplains are clearly displayed on the SIR-A 
image. Very brijht '•adar returns come from the forest cover In the 
floodplains, while the cultivated fields provide weak radar backscatter as 
reflected by medium-to-dark shades of gray on the image. A dendritic 
drainage pattern on the upland areas adjacent to the floodpteins is 
revealed by the bright radar returns from the wooded slopes of low-order 
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tributary streams. The area west of the Illinois River is more extensively 
dissected than the glaciated plains to the east of tne river Urtjan areas 
provide moderate-to-very-bnght radar returns, depending on the orienta- 
tion of major structures relative to the radar illumination. The city of 
Je. seyville, Illinois, (F2/G2) appears very bright on the radar image. The 
much larger cities of Alton. Illinois, (H4/J4) and Florissant, Missouri, 
(G5/H5) show bright returns only from appropriately onented streets, 
buildings, and railroad yards. 


The Landsat image in the near-IR wavelength more clearly outlines 
the water/land interface. This is notably true for the numerous ponds on 
the upland surface in Missouri, wect of the Mississippi River. The Land- 
sat image also provides „‘mction between cultivation in the 

floodplains and that in U plands. 
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albedo and appears very bright on the Landsat image in the visible-red 
wavelength. The Fen He is less heavily laden with sediment and it 
appears in darker image tones. No distinction in image tones is displayed 
by the rivers on the SIR-A image. 

The more mountainous region in the center of the image is ^»ut 
1 000 m higher than the Huang He valley and 500 m higher than the Fen 
He valley. Bedrock consists mostly of Triasstc sedimentary rocks, which 


The extensive dendritic patterns shown in these images of a portion 
of Shanxi Province. China, are drainages from the Hei-ch'a Shan {moun- 
tains} (F4/G4 to F5/G5) and the Luliang Shan (G1/G2 through J1/J2) 
that ru.'i into the Huang He (Yellow River) (A1 to AS) and the Fen He (K1 
to K5) Smaller rivers, including the Lan-i He (D1/D2 to A2), the K'u-yeb 
He (B5 to A5). and the Yu-fen He (F3 to A4/B4), contribute to this 
network The Huang He carries a heavy volume of sediment, (t has a high 









overlie an arreient platform, 

This mountainous region is extremely dark on the Landsat image 
because of absorption by broad-leaved forest canopy. The increase in 
vegetation from lowland to upland follows the 1 500-m contour tines very 
closely. The vegetated upland cannot be distinguished from the sur- 
rounding lowlands on the Landsat image in the near-IR wavelength. The 
SI R - A image is very bright in the vegetated uplands due to the roughness 


of the canopy relative to the radar wavelength. Vegetation is also preva- 
lent in the valleys that join the Huang He. 

Agriculture in this hot, dry region is supported by some Irrigation. 
Winter wheat, millet, and kaoliang are the primary crops. Near-surface 
and deep coal deposits have been mined to some extent in this region. 
The river banks have a population density of about SO people per km*. 
The city of Lan-hsien is at H4 and Lao-ch’eng is at H3/H4, 



ILLUMINATION 


At first glance, an obvious difference between these images of the 
RiO Ucayali m eastern Peru is in the tone of the river. It is exclusively 
black on the SIR-A image because of specular reflection of the radar 
beam from the smooth river surface. On the Landsat image in the near-IR 
wavelength {band 6), the Rio Ucayali is light gray Only the oxbow lakes 
and other bodies of stationary water appear black. This is because the 
near-IR wavelength in band 6 is sensitive to the large volume of sus- 
pended sediment m the water. In the visible-red wavelength, the high 


albedo of the sedimynt-laden river saturates the Landsat band-5 image 
to white. 

Closer examination of the images shows important differences in 
the course of the river be ‘ween the time the Landsat image was acquired 
in October 1P72 and the time the SIR-A image was acquired in Novem- 
ber 1 98 1 A oronounced change occurs in the bend in the river at H3/J3 
The meander loop on the Landsat image is cut off on the SlR-A image, 
and the resultant oxbow lake is partially filled in In addition, the muftiple 
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river channeis immedolefy north of this oxbow have been replaced by a 
wide single channel 

Other changes m the river channel are evident on the SIR-A image 
at Cl D1/E1. and G2 The stand tn the river on the Lartdsat image has 
merged with the east bank of the Ucayafi at C l on the SiR-A image The 
narrow inner loop on the Landsat image has almost disaopeared at 
D 1 /E 1 on the SIR-A image, and the triple loop on the Landsal image has 
become a double loc^a at 02 on the SIR-A image The inner loop at G2 on 


the SIR-A image has thinned considerably and has changed course from 
that shown on the Landsat image 

The foodplain along the Ucayali extends up to 20 km on either side 
of the river The flooding tn this region, one of the most extensively 
flooded in South America, accounts for the changes noted above 
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36. Ilhas Macuapanim, Amazonas, Brazil 
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Upstream from the confluence of the Amazon and Japura rivers in 
central Brazil, a complex network of active and abandoned over chan- 
nels surrounds the llhas (Islands) Macuapanim. The area covered by this 
SIR-A image shows part of the large island (A5 to J5 to B2> that is 
situated between the Amazon (AS to C5) and the Japura (A1 to J5). and 
the smaller liha Mapixari (At . B1 to A2. and B2) that is within the Japura. 
The Landsat image (near-IR wavelength) was acquired in 1973. eight 
years before the SIR-A image. Very little change occurred in the major 
stream channels during this interval; however, some changes are evi- 


dent in the minor connecting ct,annels. 

In 1973, the primary connection between the Japura and the Ama- 
zon at the Amazon bend was, as shown on the Landsat image, the 
east-to-southwest flowing loop (A4 to B4/B5 on the SIR-A image). A 
secondary connection — a narrow, incipient channel with a nearly north- 
south orientation (A5 on the SIR-A image) and two branches, one flowing 
southeast (A5/B5 on the SIR-A image) and the other flowing southwest 
(A5 on the SIR-A image)— -created two islands at the north-northwest 
bend of the Amazon, 
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By 1981, this primary connection, as shown on the SIR-A image, 
had filled with vegetation at its juncture with the Amazon, and the 
secondary connection had become the dominate drainage link between 
the two fivers. One of the two islands disappeared altogether leaving 
only a vestige of the southwest branch The other island was reduced 
considerably in size. 

Changes in river channels are commonly caused by flooding, but 
monitoring of the rivers in this area is difficult because of dense vege- 
tation and thick cloud cover; it is not known, therefore, whether the 


changes noted here were caused by a single massive flood or a senes of 
smaller floods. 

Few Landsat images with less than 20% cloud cover have been 
obtained of this area. The radar, however, is ixrt influenced by cloud 
cover because of the sensor's longer wavelength In fact, it is likely the 
area was covered at least partially by clouds when this SIR-A image was 
acquired Therefore, in monitoring the courses of rivers in such cloudy 
regions of the world as this, the benefits of imaging radar are obvious. 
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3?. Ai Widyan, Saudi Arabia and Iraq 



The Widyan region of Saudi Arabia and Iraq is a rugged terrain 
composed of maturely dissected Cretaceous carbonate rocks. Numer- 
ous dry river channels in the area form a northeast regional drainage 
network. The carbonate rocks include several typtes of limestone and 
dolomite that collectively are mapped as the Aruma Formation (Ref 17). 
The dry river beds are floored with layers of wind-blown silt and sand. 


The smooth surfaces exposed by the silt and sand deposits produce very 
low radar returns, and the dry river beds appear dark gray on the SIR-A 
image. However, in the and environment of this area, the outcropping 
carbonate rocks adjacent to the river beds have rough angular surfaces 
that produce very strong radar returns. The contrast between the river 
beds and the adjacent carbonate rock surfaces strongly enhances the 
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The floodplain of the yiss!ssi|:^'s m northeast Louisiana is more than 
one hundred times wider than the nver (J1 to J5) Smaller Yazoo-type 
streams that dram this floodplain nctude the Bueuf River (81 to AS). 
Bayou Macon (D1 to E5). and Tensas River (FI to F5) Cultivated areas 
are characterized by rectangular outlines of dark gray to black. The 
neighboring forests are medium gray (El to FI through E5 to F5), 


Forests on the floodplain consist of hardwoods composed largely of oak, 
hickory, and sweet pecan. Bright radar returns from meander scars and 
adjacent to cutoffs (El, G2, and H4) reflect swamp envirewments that 
may locally support a cypress-tupelo association. However, the StR-A 
image was acquired m November at a season of very low standing water 
on the floodplain. The corresporrding Seasat SAW image, acquired ttree 












years previously in August, shows much brighter radar returns from the 
meander scars and cutoffs This is notably tne case between the Tensas 
River and Palmyra Lake |F3 to H3). It probably reflects a seasonally 
higher level of standing water on the floodplain. 

Comparison of the SIR-A and the Seasat SAR images reveals a 
significant increase in dear-cuts on the floodplain during the three-year 


interval between the acquisition of the respective images, Notable exam- 
ples adjacent to the Tensas River are seen at Ft. F3. and F5. The 
cleared land is used mostly tor cultivation, and occasionally for catfish 
ponds. 

The Landsat image in the near-IR wavelength shows a high albedo 
from both the cultivated areas and the forest on the floodplain. Total 
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39. Nile River, Egypt 



The hard and massive Nubian Sandstone beds of Gebel Silsilah (J3 
to J4 and K3 to K4 appear medium to light gray on the image. These beds 
provided a local source for materials used in the construction of Egyptian 
temples, A brighter return is provided by the Nile Alluvium, which occurs 
intermittently on either side of the river, especially at K2 to K1 This high 
'efiectance is probably due i u the rough surfaces of gravel deposits. The 
alluvium has an even brightness, and the sandstone has a more broken 
texture 

The moderale-to-high baUrscatter from the Nubian Sandstone out- 
crops provides a strong contrast with the very tow backscatter from the 
Pleistocene Floodplain deposits (J1 to J3) A similar strong contrast 
occurs between these deposits and the Gebel Barqa (D4/E4), which is a 
low .lill of chalk and Esna Shale. It is more difficult, however, to distin- 
guish Nubian Sandstone from the Esna Shale deposits. This is probably 


because of the similar textures of the two units. 

The Thebes For .lation to the left of the image is distinguished from 
the Esna Shale by its finer texture and smoother appearance. The 
outcrop of the Thebes Formation in the cent ?r of G^l Barga (E4) is very 
bright in comparison to the outcrops at D1 through A5. This may be 
caused by a greater surface roughness and/or steeper 'xal slope 
conditions. 

The Aswan Dam lies just south of Korn Ombo. Pointing towaid *he 
dam are the converging traces of power lines at F5 to HI1 and G-5 to K1 , 
The Korn Ombo Plain to the east of the city (J5) is covered by thick 
alluvial deposits, which contain stone-age flint implements. 

The sketch map was made from the SIR-A image with data supplied 
by published geolc^ic maps (Refs. 18 and 19). 
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The stop es of fhe glaciated mountain ranges in northeast Pakistan 
are steep and ruggea with some peaks at elevations of 7000 to 8000 m 
The Karakoram Mountains are located from At to Kl Foreslopcs on the 
radar image are compressed and appear bright: backslopes return little 
radar energy and appear correspondingly dark 

Valley glaciers radiate outward from a major ice divide at E2 to F2 


Ttie ice and com(./acted snow reflect very tittle radar erergy in the vicinity 
of this divide, A remarkable feature of tf le major glaciers, which suggests 
structur<;l control, is their extensive linearity. The Hispar Gfacier (D2 to 
A2) flows westward in a linear channel for about 40 km The Biafo Gyang 
Glacier (E2 to H4) flows southeastward in a linear channel for about 35 
km Segments of several other glaciers follow a similar southeast trend 


1t2 













OF POOR QUAUTT 







(x) Agriculture 





Brazil 



ILLUMINATION 


The ryra! area in this SIR-A scene of southern Brazil is bisected by 
the Parana River (K1 to A5), which marks the state boundary between 
Mato Grosso do Sul (west) and Parana (east). The terrain consists of 
rolling upland ranging in elevation from 30) to 470 m. Regional drainage 
IS to the southwest The Ivai River (K5 to E4) is a major tributary of the 
Parana. Small tributaries of the Ivai follow linear, nearly parallel courses 
that probably reflect structural control in the area bounded by K3, E4, E5, 
and K5. 

This area of Brazil is primarily agricultural; the only town in this 
scene is Icaraima (E5). The natural vegetation of Parana State is a 

tropical forest growing in a humid climate; it consists mainly of broadteaf 


evergreen species that grade westward into a shrubby d^iduous wood- 
land with open patches of savanna grasses in Mato Grosso do Sul. The 
agricultural pattern east of the Parana River is dominated by small farms 
that show medium- to dark-gray image tones on the SIR-A image (e.g., 
Q3 through H4 to K4). Soy beans, coffee, and upland rice are tf^ 
principal crops grown in the deep red soil of the area. W^t of the ParartA, 
the fazendas or ranches are divided into large tracts, whose rectangular 
or polygonal outlines are strongly contrasted on the radar image. The 
bright returns are from woodland areas (cerradio), v^rtiile dark returns aie 
mainly from deforested grazing pastures. The SIR-A im^ was 
acquired durir^g the earty phases of the growing season, in mkt-Novwn- 
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grasslands that appear medium to light gray on the Landsat band-5 
image have exposed ba'e soil or a cover of senescent vegetation. The 
comparative smoothness of these surfaces provides little radar back- 
scatler; thus the corresponding areas on the SIR-A image are medium to 
dark gray. 

A notable exception to the complementary relationship of the gray 
tones in corresponding areas of the Landsat band-5 and the SIR-A 
images occurs in the lower right comer of C2. This area Is medium gray 
and indistinct from surrounding areas on the radar image, and dark gray 
and angular on the Landsat band-5 image. However, most of the contig- 
uous dark gray area on the Landsat image r orresponds with a light-gray 


ber, 1981 . The Landsat images in the visible-red and the near-IR wave- 
lengths were acquired about six months earlier, on April 21 . 1981 , at the 
end of the previous year’s harvesting season. 

The cultivated areas on the Landsat band-5 image show image 
tones that are almost exactly the inverse of those on the SIR-A image. 
The pattern of angular dark-gray tones on the Landsat band-5 image 
generally represents areas of strong absorption by chlorophyll in the leaf 
canopy of vigorously growing plants. Bright tones in corresponding areas 
on the SIR-A image (e.g., at C2 and E1/E2) denote rough surfaces at .oe 
scale of the radar wavelength (23 cm). Together, the data from the two 
images suggest a broadleaf evergreen canopy. Cultivated areas and 


OF POOR QUALfTY 




either a recent controlled burn-off or a wet rice field. 

The channel of the Parani River is choked with debris that has 
accumulated to form numerous islands, including tie to'ge i!ha das Sets 
Quedas (Isle of the Seven Falls) (C4 to A5). The floodplain is approxi- 
mately 20 km wide. Vegetation and floodplain d^xssite yield Mght tones 
on the SIR-A image, particularly in tie area drained by the Ivinheima 
River (a Yazoo-type stream) (G1 to E3). The Parand River channel 
scarcely be distinguished from the vegetated floodplain in the Lsndsat 
band-5 image because of absorption by the muddy water at this 
wavelength. 


area on the radar image in C2 This suggests a temporal variation in 
which the forest cover had been cleared during the interval between the 
acquisition of the Landsat and the SIR-A images. On the Lcndsat band-7 
image, the land/water interface is strongly contrasted, and the image 
shows bright returns from almost all of the vegetative cover due to the 
high albedo of vegetation {either healthy or senescent, agricultural or 
forest) and bare soil in the near-IR wavelength A notable exception is the 
sector west of the Parana River that appears dark gray, and is therefore 
absorbent at this wavelength. The corresponding area is light gray on the 
band-5 image (senescent vegetation or bare soil in April) and dark on the 
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Miinuuyn cenier-pvor irrigation waters only 70 to 80% of a square 
field, it is preferred in this region of Nebraska over conventional, gravity- 
feed irrigation, which employs a system of linear trenches to distribute 
water. Center-pivot irrigation makes more efficient use of labor and more 
efficiently distributes water in amm of sandy soil or steep local slope. 
Most of the pivots in the SIR-A image are at the center of quarter sections 
(small circles); a few are at section centers (large circles). The square 


fields may or may not be irrigated; the uninrigated land is used for grasing. 
The principal crops here are com and wheat. The SIR-A image was 
acquired in mid-November when ttie com had teen harvested, but fte 
stalks remained standing in the fields. Winter wheat had emerged. The 
bright image tone of most of the circular fields and some of the ^uare 
fields represents strong radar backscatter from tie am stalks. The 
moderate- to dark -gray tones of tie remaining fiekJs, circular or squsa®. 
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reflect correspondingly weaker backscatter from pastureland and fields 
with youthful winter wheat. 

The Landsat image in the visible-red wavelength, acquired in 
August about nine years before the SIR-A image, shows only a slightly 
lesser density of circular ayricultural fields in the area. The medium-gray 
tofies of the circular fields contrast strongly with the light grays of the 
pasturelands. which are concentrated in *he northwest (At to D1 to D2 lO 


A3 on the SIR-A 'mage). This contrast is probably due to a greater soil 
moisture and/or the presence of crops in the circular fields. Small areas 
of sand hills appear as medium-gray tones on the SIR-A image to the 
north of Spring Creek (G2 to E2), northwest of Enders Reservoir 
(F4/G4), and westward from D4/D5 to A4/A5. On the ’.andsat image, 
the correspond’ng areas are uniformly light gray, and they show no 
agricultural patterns. 
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43 . Circular Agricultural Fields, Libya 



These circular irrigation fields in Libya (F3. G3, and H3/J3). just 
north of Ramlet Az Zallaf near the cities of Or rah Dabdad, Brak. and 
Ashktdah f F3/G3}. are watered by center-pivot irrigation (see Scene 42), 
Note also the rectangular fields at K4 The circular fields, nearly a 
kilometer in diameter, are located on sandy Lower-Carboniferous beds 
that appear dark on the radar image. The surrounding brighter areas are 
rougher Middle- and Upper-Devonian sandstone 

The consistency of the circular-field patterns may be caused by one 


or both of two possible mechanisms. Consider the north and south 
sectors of each field; in these sectors, plowing direction is perpendicular 
to the radar look direction As shown in sketch (a), specular reflection 
from these plowed rows occurs when the local slopes of the plowed rows 
are not only perpendicular to the radar look direction, but at an angle of 
about 50 deg to the horizontal A bright return, then, is produced from the 
northernmost and southernmost seclions of each field, but there is no 
return from the easternmost and westernmost sections. This effect is 
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(a) SPECULAR REFLECTION 



FIELDS 



BRAGG SCATTERING WHEN: 

2x = 2Lsin0 =nX,n = l, 2, 3*** 

L = ~0. 15n (meters) 

2sin0 



more eas»ly seen m the enlargement of section F3 frirough H3 

The second effect associated with Bragg scattering may occur as a 
function of separation between plowed rows (L in sketch (b)). A niaxi- 
mum return from tw^ adpc®nt rows will occur if the path length difference 
f2x ) between the two returns is an integral number of wavelengths As 
shown in sketch fbj. this wilt occur when L n a/(2 sin #) where a is the 
wavelength of the radar, a is the incidence angle, and rt is an integer 
in 1 , 2, 3 ) For n - 1 , the row separation must be 1 5 cm fw Bragg 


£ -attenng to occur at the SIR-A wavelength of 23 cm Again, this effect is 
strongest in the northernrrwst and souttiemmost sections of the and 
IS ineffective m the easternmost and westernmost sections because of 
the orientation of the plowed rows with respect to the radar k)Ok directicm 
Roads in this area are rnost visible across the darker sandy beds 
{A1/B1 through 85/C5. F2/F3.andE3) However one of ftte mam roads 
IS easily distinguishable on the txighter sandstone (H3| because of its 
perpendicular angle with respect to the radar 



44. Wheat-Sheep Farms, New South Wales, Australia 



ILLUMINATION 



t ■> this portion of the wheat-sheep farm belt, south central New South 
Wales, the land slopes regionally toward the west A short segment of the 
Lachlan River (B 1 to A 1 ) is the only mapr drainage channel in the scene 
There are several small communities m the area, but they are not 
prominent on the radar image 

Most of the natural vegetation has been cleared aixf an active 
agriculture is pract'ced Wheat is a mapr crop, together with some barley 
and Oil seeds Much of the land is used for grazing sheep and fewer 
numbers of cattle Statistics published by the Australian Bureau of Agn- 
cultural Economics for 1979 1980 (Ref 20) indicate that individual 
farms produce both wheat and .'=heep For example, the average wheat 


farm har\'ested 290 hectares of wheat and had 1538 head of sheep, 
while the average sheep farm had 2236 head of sheep and harvested 
1 46 hectares of wheat. 

The rectilinear outlines of the fields and cultivated larxl appear as 
thin bright lines on the SIR-A image. These lines represent the rough 
surfar vs of boundii./ roads arxJ fer>ces. Fields that display dark- to 
medium-gray tones have sirtooth to slightly rough surfaces. They pr<^ 
ably represent the majority of the cropland and grazing land in the a'^&a 
Bright areas on the radar image are the rough canopies oi woodlarxte. 
The Landsat image in the near-IR wavelength — acquired almost nine 
years before the SIR-A. image -shows corresporxfingty dark-gray tones 






in some areas that are bright on the SIR-A image. Notable examp.ss are 
at E4/F4. E5/F5. and C5/D5 However, a complementary tonal re- 
sponse tjetween the rrear-IR and ihe radar wavelengths is not uniformly 
evident on the images. This, in part, is the resuh of the changing patterns 
of agnculture, and changes in the environment. 

Lake Brewster, the oval at #2 a'H) B2 on the SIR-A image, contains a 
pattern of medium- to light-gray tones that indicate grazing land. At the 
time of the Lahdsat image, however, this area was not a dry lake, but 
covered by a thin sheet of water that vanished during the prolonged 
drought that tegan in 197S. 

A much smaller oval of medium g,*._,. at the upf^r center of the 


L andsat image was a stand of natural canegrass; it was cleared and nota 
trace of natural vegetation can be seen in the corresponding location on 
the SIB-A image (El, ngnt center). 

Rioges and mountains provide medium- to light-gray tones on the 
SIR-A image: on the Landsat image, the corresportding areas are 
medium to dark gray Folded mountains a! the Lachlan Range (A1 to B5), 
Sandstone Hill (C2/C3), ar*d the Nabong and Naradhan Ranges (D3 to 
F3), appear as long narrow ridges. These rid^is rise from 150 to 3CXJ m 
above the level of the adjacent agriculturaf land. Plunging fold patterns 
on the SIR-A image in the area from C3 to E4 are diM^mtol.-: also on ttto 
Landsat image. 
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45. Lower Coastal Plain. North Carolina, U.S.A. 



The lower coastal plain, in the southeastern U.S.A. , consists of low 
terraces formed on Tertiary sediments, an abundance of swampland, 
and some areas of waterlogged peat bog known locally as pocosin. 
Barrier islands and tidewater outlets are characteristic of the coastline 
(A5 through F5), in this scene, the tidewater channel of the Neuse River 
extends eastward from New Bern (FI) to Pamlico Sound (K2 through 
K5) The land surface rises from sea level to about 30 m, west of the 
Hof man State Forest (Bl). The Croatan National Forest is situated in the 


area bounded bv 0 1 , E 1 , D4, and E4. Here the forests consist of species 
of southern yellow pine, such as loblolly and longleaf, that yield bright 
returns on the SIR-A image Shallow lakes clustered in this area are 
examples of Carolina bays. The smooth open-water surfaces of the 
lakes return no radar energy and are black on the image. Bright tones on 
the southeast portion of Ellis Lake (E3, lower right) come from brush 
growing in the lake, which is only 1 to 2 m deep. 

Hardwood swamps characterized by large gums, cypress, maple, 
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46. Upper Coastal Plain, South Carolina --Georgia, U.S.A. 



The natural forest of this upper r astal plain ranges from deep 
swamps through wet bottomlands to dry upland hardwood forests, The 
plain is deeply dissected stream channels Elevations m this scene 
range from about 30 m in the Savannah P-ver floodplain (F5) to about 
120 m in the Aiken Plateau (G1), Much of the original fomst on the rolling 
upland between the streams has been cleared for cuttivation In gene-ai. 
the forest areas are rough ^nd the cultivated areas smooth at thr scale of 
the radar wavelength, making the forest areas appear generally bright 


and the cultivated areas dark on the SIR-A image, Hie mottled pattern of 
the image on either side of the streams indicates land usage, while forest 
cover is mostly restricted to stream valleys and swaops A notabte 
exception is the Savannah River Plant (Dl to Gl through E4 to G4) 
Much of this area has been reforested with pine, ft is rrow managed by the 
U S Forest Service for puipwood and saw timber production The 
numerous small, medium-gray rectangles in this area are cleai outs 
made for logging operations. Very bright radar returns come from the 
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47. Southwest Coastal Swamp, Irian Jaya, Indonesia 



t ILLUMINATION 


0 I i ! I I 20 km 


The coastal area of southwest Irian Jaya (West New Guinea) con- 
sists of a lowland tropical forest and an associated mangrove swamp that 
yield a generally uniform medium gray tone on the SIR-A image Local 
i ^ patches of lighter gray (e g.. F4, G4, and H5) represent areas of the 
* ' fdrest when- mangroves are absent. At present, we have no satisfactory 
explanation for the very bright radar returns along some narrow coastal 
strips of the nr,arshy deltas, as seen northwest from Flaming'' Ray \H5 to 
E5) and along the margins of Laag Island (D5). They mi. 'epresent 
artifacts of the radar system. 


The area is impenetrable overhnd; the only thoroughfares to the 
interior are the rivers that drain the region These rivers lead 70 to 1 00 km 
northward through the coastal lowland forest to the foothills of the mas- 
sive mountain ranges that form the central core of the island. A sluggish 
but powerful tidal currerri in the Arafura Sea periodically inundates the 
coast to create a hore that reaches 1 5 km upstream and causes floods of 
3 to 6 m 

Th } Asmat people live here in primitive, isolated villages widely 
separated along the Casuarina Coast IH4 southward) and at strategic 
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streams that dram the coastal plain (K1 to G5) The Kapuas here is 
distinct fro.*' its namesake m central Kalimantan, Much of the area is 


Quaternary age. Plutonic igneous rocks underlie the scattered hills and 
mcuntains that trend northwest from K5 to D4. The mountains at 04 rise 
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DuiWings «htle the airport runway appears as a long dark strip (D1 , lower 
left} Other evidences of human activity include a linear channel that has 
been cut from the Kapuas River south into the tropical forest (G1/C2), 
and numerous fish-trap platforms offshore and across the mouths of the 
distriputanes (A2 to C5. and F5 to G5). The platforms appear as clusters 
of bright pinpoints on the image. The position of the ep* lator is shown by 
the dotted line from A2 to Bl 

The Landsat image tn the near-IR wavelength shows medium- to 


light-gray tones in the areas of swamp forest, and bright tones in cleared 

areas of the delta and along the stream channels. The dark tone that 
corresponds to the adiacent portions of C5/D5 on the radar image 
suggests that this area was floodKf at the time the Landsat Image was 
acquired Small cumulus clouds scattered across the Landsat scene 
cast shadows toward the southwest. Larger more extensive cloud cover 
at a higher elevation casts shadows that obscure portions of the scene 
from Pontianak southwsstward 
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(xii) Urban Areas 




ILLUMfH \TiON 


The capital city Brasilia in the Brazilian Federal District (D.F.J is 
some 970 km d< *e west of the Atlantic coast, at an elevation of about 1 000 
m. This district, which covers some 5700 km^ is surrounded by the State 
of Goias. The district tMJundary is shown by a white outline on the SIR-A 
image In 1980. ‘he population of Brasilia, located at FI and G1 through 
F3 and 33, was upward of 1 .2 million people. 

At first glance, the striking features on the radar image are the 
outlines of the man-made Lake Paranoa (F1 /G1 through F2/G2) and the 
arcuate form of the main motor axis feixo -ndovlariol |F2/F3), which is 
bisected by the Monumental Axis and termi ated to the west at both ends 


by a major highway. Localities mentioned here are shcswn on the aaxsm- 
panying sketch map drawn from the radar image. 

The main motor axis is symmetrically situated between rows of 
massive superblocks that provide one of the several of hmising 
available. Each superblock is a self-contained residential unit consisting 
of six stories elevated on pylons above ground level. The superblocks 
include la. Jscaped areas, play spaces for children, supermarket fadlF 
ties, and primary schools. The broad stone and glass facings of these 
structures act as corner reflectors where they are oriented normal to the 
incident radar illumination. The bright returns saturate tte radar image to 
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white, as at the right sicSe of F2 Where orientation of th? building s 
reflective surface departs from normal to the radar beam, backscatter 
from the superblocks is significantly reduced. This result:, in image tones 
that vary fron' lignt gray to dark gray It is an excellent -avample for study 
of the relationship c' radar backscattei to orientation of the scattenng 
surface. 

Brasilia is surroi*- .ded by a number of smaller satellite towns within 
the Federal Distnct. In general, these townr. are laid out in precise 
geometric patterns, at Gama (F5) a-nJ T- ouatinga (D4 to E4) Gama 
consists of rectangular and hexagonal sectors. The orientation of the 


building surfaces relative to the radar illumination produces multiple 
reflections that saturate the image to white. Only the outline of the town is 
recognizable. Taguatinga is located on a hill with radial drainage, at 
about 1 285 m elevatiur , The street layout consists of narrow blocks with 
small building plots. The blocks appear in light-gray tones on the radar 
image. Some of the blocks show a dark-gray center portion. The orienta- 
tion of the reflecting surfaces is probably responsible for the saturation 
seen on the image at the jurr*ions of D3/E3 and E3/E4. The obliteration 
of data between the areas of saturation (white) is an artifact that results 
from the saturation. Further geographic details of the Federal District are 
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given in published map- {Refs. 21 and 22) Much of the residential area 
in Brasilia. Gama, and T^iguatinga appears white on the Landsat image 
in the visible-red wavelength becauw of high reflectance at this wave- 
length. The Santa Maii^ reservoir (E1/E2) is egually perceptible on the 
radar and the Landsat images The Lake of Rio Descoberto (C3. D3, and 
D4) on the radar image appears on the Landsat image in medium- to 
light-gray tones that suggest vegetation in the area 7716 lake apparently 
had not been constructed and filled at the time the Landsat image was 
acquired Medium- to light-gray tones on the radar image in the area 
south ot the Santa Mana reservoir (02 to E2) come from the vegetation 


canopy of the Brasilia National Park. These correspond to the medium- 
gray tone on the Landsat image. Comparison of the bright-through 
medium to dark -gray image tones on the radar image at C3/D3 and E3, 
F 1 . and G 1 with the corresponding tones on the Landsat image suggests 
a varying pattern of land utilization that invites furttier investigation. 
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Intricate rectangular patter is and a multitude of bright spots on the 
SIR-A image indicate the cultivated fields and small ■. iilages of this area 
in eastern China, about 1 50 km north of the Huang He f river), China's 
largest river Village density here is approximately one per km^. The 
bright spots coaiesce into the large cities of Dezhou (K2), Hengshui 
(Dl/EI), and Nangotig (C5) 

The Grand Can;,! iKI to H5) marks the provincial boundary between 


Hebei (west) and Shand ng (east). It appears to be a douHe river on the 
radar image, but the Landsat image shows dearly that the channel itself 
runs between the two levees that produced the strong retectance on iie 
SIR-A image. The Fuyang He (El to A4/A5) also seems to be a dtoubte 
river, although the cb nnel is the southernmost feature, arxf the levee the 
northernmost, as again seen more dearly on the Landsat image 
The hivo images are complementary in other ways as well. Write the 
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OD»'iOus o*' *n<e Lancss? the ages and *iekJs a^e $^afp'y c!fs- 

p ayed or the SiR-A :fr.age and ai'nost .nv-voie on ?ne Landsa’ -mage 
■^ne s^an dan- patcnes on *ne L,ands<i? <mage are profcabJy ponds 
^Hicn a-a Qiifte oOscure on mo S!R-A -mage 

Seve-e summer floods carry »ine fer-^e *oeos s^sment from ma 
prov-nces of *ye* Monggol Shanx; Shaanxs and Ganso to m,s a-ea 


A'here ’! iS cap'ured Oy large catcH bassns ai<x>g me Huarsg He When me 
basiris are fitted they are cutttvated An example of this recfamaticx< ts 
seen a? C2 02 and €3103 r^imefe cuttivateo fields exist on a Wted fom^r 
a-re D3Sin The basio sp|>ears as a sake on the 1976 Undsat .mage 
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C. Oceanographic Features 


NoirtfHHK iii;c;iriO!:r;i})}ik' leatua's Wfrt? wiili SJli-A despite the 

hmli MKukmce angle and the getiefally lt>w rudm- baekseatler front tlu* s>':e;tti 
'111 t.ke I Itf types o!" ueeat) surface teaiures itiiaged by S(«-A (.S’ccite Nos, 5 I 
iluougli S7 1 eoffobtirate ptevtous ttbsavatinifts of the tiecaus made by Seasaf 
,S.\I< Surface waves and windrows are shown in Scene No. 5!. A large iii- 
feUKtl: wave tram was imaged in .Scene No. Td, two successive mbifal pa.sses. 
sefutaled by 1*4 b, pmvide some inlttiniaUori atKiUt ftie birmatuw ut suttuce 


distuf bailees due to local wind vatiafions (.Scene No, 54|. txumples «.tf other 
teaUiies observed iiictiiiic surface siicks. eddies, squall lines, and fhe dampen- 
mg ef fect of rain cells. Vessels ap(sear as very bnglif targets (Scene No. S3(as 
they do on Seusaf SAR images. Howevc! . very few ships’ wakes were observed. 
Because no gruuiid-lruth ukpertments were undertaken simultaneously wnti 
the SIK-A data collection, tfie mterprelafiuns are based ori inferences from 
metermrlogical data. baUiymeuy, or documented obscA’attons. 
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52. Internal Waves, Andaman Sea (Indian Ocean) 


ILLUMINATION 


This large internal wave pack was about 150 km southeast of North 
Andaman Island (India) in the Aiidaman Sea. Presumably, internal 
waves are generated by the interaction o» strong tidal currents with 
bottom topography. Interna' waves can also be generated by shear- 
current flow and atmospheric disturbance. Once generated, the waves 
propagate along the boundary layer between wafers of different density. 


Such boundary layers are associatcKJ with the oceanic thermocline and 
abrupt changes in density. An internal wave packet is geomethcally 
characterized by a curvilinear front. The wavelength and amplitude 
decrease with distance from the front. 

Internal waves are observed on radar images (many have been 
seen on Seasat SAR images) because of their effect on surface rough- 
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ne's. Large cyrrerrts asscKiated with irifernal waves modify the capillary- 
ultfagravity surface-wave sf»cirum that cveriies the oscillations. These 
surface waves are the aiain scattorers of the radar rignah the radar 
imago, then, sho .3 the surface geometric pattern of the subsurface 
internal waves. 

The wave train in this imaqc had a lOO-km-wide front and wave- 


lengths from 2.5 to 6.5 km. Larger waves— up to 150 km long and with 
’.vavelengths of 15 km — have been observed in the Andaman Sea on 
. andsat images. They seem to be associated witft the tidal cycle. 

This image was acquired at 1056 GMT on Novemter 14, 1%1. 







53, Surface Slicks and Ocean Vessels, Rio de Oro Coast, Atlantic Ocean 



f ILLUMINATION 


j I 20 km 


Thts region off the West-AMcan coast is an area cf known upwelling. 
The Oceanographic Monthly Summary (Ref. 23) shows a monthly 
anomaly of #1 ’C for the month of November. 1981 , local zed along the 
Rio de Oro Coast Dark slicks or, the ocean surface along the coast may 


be associated witn the coastal upwelling. The weather report indicates a 
light wind with overcast for the period during which Si A acquired this 
coverage (0854 GMT. November 14, 1981). The filamentary pattern of 
the dark tones from smooth areas is probably a result of surface-water 
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motion. 

Large groups of fishing vessels are visible off the coast at J2 and 

C2/C3 Each group consists of a few large vessels and numerous 
smaller vessels. Returns from the large vessels were strong enough to 


saturate the radar sensor; this saturation created cross patterns on the 
image. Many of the small vessels travel in pairs with a fishing net 

extended between them (B2. B3, C1/C2, and C2/D2), The larger ves- 
sels are floating canneries that process the catches of the small vessels. 
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54. Wind Patterns Off Sardinia, Mediterranean Sea 


f ILLUMINATION 


1030 am, 14, 1M1 


. .lese two SIR-A images present a record of the temporal changes 
that occurred at this area of the sea surface over an in'ervat of one hour 
and a half The left image was acquired at 1030 GMT on November 14, 
1981. the sea surface appears as a mostly homogenous gray tone, 
which suggests a somewhat uniform level of surface roughness. A small 


disturbance is evident from the pattern of light and dark tones in the Guff 
of Orosei (C3/D3), The right ima^ was acquired at 1200 GMT; the sea 
surface shows a wide range of gray tones, and a distinctly different 
texture in the area bounded by El, K1, K3, and E3. These differences 
reflect changes in roughness due to capillary wave variatkwis, most likely 
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the result of local variation in the surface wind. A strong eddy from 10 to 
1 5 1< m in diameter is clearty visible on the right image in the Gulf of Orosei 
at Cl . C2, and D2. This eddy may be associated with the frontal system 
that separates two persistent cold eddies that occur off the coast of 
Eastern Sardinia in the months from summer to winter {Ref. 24). The 


bright point target on the right image in the lower left corner of C4 is a 
vessel. This vessel is not present on the earlier left image (B5 lower 
right). 


149 








55. Wind Slicks and Fronts, More Gulf, Celebes Sea 



ILLUMINATION 


The sharp curvilinear boundaries on the image correspond to an 
abrupt local change in wind speed, as at E2 through G3 and J3 to K3 The 
local gusty winds create the rough seas that, in turn, produce strong 
radar returns. T he bright areas on the image are regions of strong winds. 
The dark areas are either regions of tow wind velocity or heavy rainfall. 


whion tends to smooth the ocean surface by dampening the stKJrt grav- 
ity /capillary waves. The pattern of slicks at A4 and A5 is probably also 
related to wind activity. 

The image was ac-quired at 2212 GMT on November 13 , 1981, 
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56. Ocean Eddy Off Dominican Republic, Atlantic Ocean 



0 I » 1 1 I 20 km 


f ILLUMINATION 


The ocean eddy from G3 through J3 to J5 and G5 was observed 
over the Sitver Bank area of the Atlantic Ocean, atXHit 40 km north of the 
Dominican Republic The cyclonic eddy is visible because of the vortex 
shape of the dark surface slick. It is uncertain whether this eddy is due to 
oceanic currents or surface wind effects The bright point target at the 


lower right of the eddy (H5) is a vessel The mottled texture of the image 
at the center left from E2 to A3/A4 is likely due to local vanations in tti# 
near-surface wind pattern (ct SIR-A image of Scene No. 55). 

This image was acquired at 2127 GMT on November 13, 1981, 
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DC-uncJary from A1 to F5 represents the associated squall ime Tf.e dark observed on beasat SAR smages 

patches le g C3 to D3| arc heavy ratnfali whch dampens the short This image was acquired at 22t0 GWT on November 13. t§8l. 
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D. Man-Made Features 


Evitienv-es n! human activity or occupation arc widely represented in the 
SIR-A covciuge. Structures such as routeways. transnrission lines, canals, and 
bridges may appear bright or dark on SIR-A images depending on the orien- 
tathni 111 the renectiiig surfaces relative to the radar itlumination. Plat'brms, 


vessels, and certain structures that behave as point-target reflectors appear 
very bright. Among the prominent man-made features recorded by SIR-A 
are the Corinth Canal (Scene No. 58), dams and large reservoirs (Scene No, 
59). and offshore oil platforms{Scene No. 60. 
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58. Corinth Canal, Greece 


f ILLUMINATION 


0 I I 1 1 1 20 km 


The narrow isthmus a* Cl /C2 |oms the Peloponnesus (s ■ 'th) to the 
mamtand of Greece (north). To the east lies the Gulf of SarorsiKos (C2) 
and to the west is the Gulf of Corinth (8i), The City of Corinth is at the 
lower right corner of B1 . Mthens and the Port of Piraeus are |ust outside 
the image margin at Ht The isthmus is flanKed by bold rugged moun- 
tains to the north and south, which nse to elevations of 1200 to 2400 n. 

In ancient Greece, this >sthmus was used as a portage Small 
vessels were hauled overland across the 6 km that separates the waters 
of the west and east Agamemnon, Darius, and Xerxes dreamed of 


building a canal here to enable ships to pass freely from Corinth to 
Piraeu.c and to circumvent the long circuitous route around the Pelopon- 
nesus peninsula In AD 66 the Roman Emperor Nero proclaimed his 
intent to construct a canal here, and he sent legions of slaves to imple- 
mer' his command. Upon his death a tew years later, the task was 
abendone'd In the late nineteenth century, canal construction was 
resumed After an initial failure, the work was completed arto the canal 
opened in 1893 — following almost exactly the route that had been laid 
out by Nero 1800 years earlier. The canal is about 5 km long. Its sides at 
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*3ither end are formed by the sloping, natural contours, but the central 
two-ffiirds of 'ts length are a deep cut in the land, the deepest part of 
which IS just over 80 m. it is about 24 m wide at the base, increasing to 
widths of 80 to 90 m at the top 

A small section of the steep canal wall is shown in the accompanying 
photogrrph On the radar image, the canal through the isthmus is repre- 
sented by parallel dark end bright lines The dark line on the image 
lepresents tiie radar shadow of the wall nearest to the direction of 
illumination. The bright line represents diffuse backscatter from the 


upper part of the distal wall. 

Because the canal is linear and has no locks, it is regarded as one of 
the 'cleanest ' engineering cuts. Due to its small dimensions, however, it 
cannot accommodate ships with a baan i of more than 1 8 2 m or a draft of 
more than 7.2 m. This limits its use to ships with a displacement of less 
than 10.000 tons 
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ILLUMINATION 


The Rto Graii.e foilows a tong, tortuous course through the Brazil- 
■an Highiands (n a west- northwest direction toward the Parana River. It is 
a 'najor teoutar/ of the Parana, and has many cataracts arid waterfalls 
titang Its length A! toast eight major dams have been cortstrucled along 
its course This SIR-A image shows two the Volta Grande Dam at J3. 
and the Porto Colombia Dam at £2, Evidence of a third rr.ajor dam, the 
Manmbondo about 30 km downstream, north of the image margin at B1 , 
.s provided by the smooth outline and dually increasing width of the 
water body from E2 to B1 . and from the backed-up waters in tributary 
(.oannein at A3 and An Backed-up waters are also prominent on the 


Sapucai Riv'er JF3 and G3). and at J3 Each of the three impoundments 
shown on the radar image provides a reservoir, flood control, water- 
vjrks, arid hydroelectric generating potential for adjacent rural neigh- 
borhoods in the States of Sao Paulo to the south and Minas Gerais to the 
north. The middle of the river channel marks the boundary between the 
states in this area. 

Marshland f'at formerly existed along the banks of the Rio Grande 
and numerous small islands in its channel have been covered by the 
wc fers in the reservoirs. The small island in the reservoir north of Miguet- 
opolis {J5/K5J— about 3 km tony —is ail that remains above water of the 







former ilha Gmode. which was approximately 6 km in length. 

The clarity of the water in the reservoirs is indicated by the black tone 
on the Landsat image in the visible-red wavelength. At this wavelength, 
muddy water appears in shades of dark gray, but clear wafer is black. 
Near the center of D4. the small, nearly circular area about 700 m wide 
that is dark on both images is Lake Ouro Branco Riparian vegetation 
along the stream channels that appears bright on the radar image is dark 
on the Landsat image. Forested areas with natural vegetation and pas- 
tures have a medium- to light-gray tone on the SIR-A image at C2 and C3 
and a medium- to dark-gray tone on the Landsat image. The cultivated 


areas on either .side of the Rio Pardo (from D2 and E2 through D5 and 
E5) show, ifi general, inverse image tones on the SIR-A and the Landsat 
in lages. Bare soil that had been plowed for planting was exposed in most 
of this area at the time the SlR-A image was acquired in mid-November 
The bright reflection of a transmission line from A5 to D5 and F5 to 
H5 that passes south of Guatra (F5/G5) is not visible on the Landsat 
image. 
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60. Offshore Oil Fields, Southern Persian Gulf 



t ILLUMI1HATION 


20 km 


The bright point targets shown in the image are wellheads, oil rig 
platforms, ot ships just off the west coast of the United Arab Emirates. 
Most of the br^ht features in the area bounded by A3, A5, C5, and C3 are 
wellhead towers in the Rugg az Zaqqum Field. Drilling platforms, buoys, 
and ships are also located in this region. The island in the lower right 
corner {K5) is Ja^irat Fataisa The larger very bright island at K4 is Abu 
Zahy The accompanying sketch map (based on Ref. 2b) shows that the 
water depth here is less than 6 fathoms. 


More sparsely located point targets at G4 and H4 are wellheads atKl 
platforms in the Umm al Daikh oil field, as shown on the sketch map. 
Other point targets shown on the image but not on the chart (e g.. C2 and 
E4/F4) may be wellheads or platfoims built after publication of ttie chart 
on which the sketch map was based, or ships. 

Medium- to light-gray tones in the right of the image indicate rough 
water surfaces; darker patterns throughout these waters are probably oil 

SliCKS. 
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aa 


basaltic lava flow with rough, splintery surfaces 


acidic 



albedo 

alluvial fan 

alluvium 

andesitic 

anticline 

azimuth 

azimuth (radar 
imaging) 

backscatter 

(radar) 


backslope 


band 


barrier bar 


containing over 66% SiO^, as applied to igneous rock 
(cf. basic) 

ratio of electromagnetic radia*'on leflected by a body 
to the amount incident upon it 

cone-shaped deposit formed where a stream issues 
from mountains onto lowlands 

stream deposits of comparatively recent time 

composed essentially of andesine and one or more 
mafic constituents, as applied to volcanic rocks 

folded-rock structure whose limbs dip away from the 
fold axis 

bearing of a line measured clockwise from geographic 
north 

along-track direction of image acquisition 

portion of transmitted microwave energy that is 
reflected back to the radar antenna to create a radar 
image 

slop>e that is inclined away from an incident radar 
beam 

an interval in t! . electromagnetic spectrum (qv) 
whose boundaries are marked by a lower an-'! an 
upper limiting wavelength, or frequency 

ridge composed of gravel deposits formed in a shallow- 
water offshore environment 


barrier island elongate ridges of beach sand that rise above the 
high-tide level, extend generally parallel to the coast, 
and are separated fiom the coast by a lagoon 
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basaltic compiosed essentially of calcic plagioclasc and pyro- 

xene, as applied to fine- to mediunvgrain igneous 
rocks 

basement crustal rocks of deep-seated origin, generally igneous 

and metamorphic 


comparatively low in silica, as applied to igneous 
rocks (cf. acidic) « 

“ -f . 

collective term for planes dividing sedimentary rock 
layers ^ 

blind valley karst landform where a stream disappears under- 

ground and the valley has no outlet 

Bragg scattering refle 9 (ions that are the result of radar waves super- 

(radar) iir< posed on surface waves; the dFeflectibM reach a 

maximum when path-length ' differences^ ^between 
ladar returns are an integral number of radar wave- 
lengths 

breccia rock composed of highly-angular, coarse fragments 

caldera * large circular depress:, n in volcanic terrain that 

originates from collapse, or explosion, or erosion 

carbonatite intrusive carbonate rock 

Carolina bay oval-shaped depression, generaUy marshy, occurring 

extensively on the coastal plain from New Jersey to 
Florida, U.S.A. 

cinder cone accumulation of volcanic ash around a central vent, 

which is generaUy small (cf. lava dome) 


basic 


bedding 



correlation processes by which the Doppler phase histories 

(radar) recorded on tape or radar signal film are converted 

into radar images, using optical or digital techniques 


cutoff 


short channel formed when a stream cuts through the 
neck of a horseshoe bend 



dielectric 

constant 


inegularly branching tributary streams in a draina^ ; 
pattern 

ratio of the electric flux density to the electric Held; 
identical with dielectric permittivity 


dike (1) tabular body of intrusive igneous rock that 

aosscuts the structure of the host rock 

(2) a wall built to prevent flooding 

dip angle at which a bed or other planar feature is in- 

clined from the horizontal 

dome any structural deformation characterized by approxi- 

mately circular local uplift (e.g., salt dome, rock 
dome) 

Doppier history record of frequency and phase diange resulting from 
relative motion between observer and target 

ejecta fragmentary material thrown out by a volcano 

electromagnetic an ordered progression of radiations that includes 
spectrum cosmic, gamma, X, ultraviolet, visible, infrared, 

microwave, and radiowave energy 

elevation (sun) inclination of the sun to the horizontal 

eolian eroded or deposited by wind action 


flatiron 


pattern on remotely-sensed images and photographs 
from which dip and strike of layered rocks may be 
inferred 


floodplain the portion of a river valley built of sediment de- 

posited by an existing river; the plain is covered with 
water when the river overflows its banks 


foreslope 


slope that is inclined toward an incident radar beam 


gneissic 


coarse grained with alternating bands of granular and 
schistose material, as applied to metamorphic rock 


graben 

elongated block that has been downthrown aloi% 
faults that form its margins 

granite 

coarse-grained plutonic rock composed essentially of 
quartz and alkalic feldspar 

HCMM 

Heat Capacity Mapjnng Mission 

hematite 

principal ore of iron 

holographic 

record 

phase and amplitude information of radar return, 
signals 

igneous rock 

rock solidified from a former molten state 


illumination direction in whidi pulses of microwave energy are 

direction (radar) transmitted from an hnaging-radar antenna; normally 
at right angles to the line of flight of the imaging 
idatform 

image visual reproduction of a scene acquired by oAR, MSS, 

HCMM, or photographic sensor 

incidence angle angle between the incident radar beam at the ground 

(radar) and the normal to the ground surface at the point of 

incidence 

jaspUHe rock composed essentially of jasper and iron oxides in 

alternating bands 

karst an irregular hummocky terrain marked by subsurface 

drainage and numerous sinkholes intersposed with 
abrupt ridges. The subsurface is diaracterized by 
caverns and features formed by the solution and 
collapse of limestone 

Landsat any of a series of four orbital imaging satellites that 

have measured and recorded reflectance from the 
Earth’s surface at visible and infrared wavdengths. 

lava dome accumulation of lava around a central vmt, which is 

generally small (cf. cinder cone) 

lee 




layover (radar) 
limonite 

look angle (radar) 

low-order stream 

meander 
meander scar 

metamorphic 

rock 

microwave 

moraine 

MSS 

multispuctral 

scanner 

oxbow 

pahushoe 

pisolitic 


geometric displacement of the top of a feature 
toward the near range on radar imagery 

generic term for a brown hydrous iron oxide not 
spedfically identified 

an^e between the vertical plane and the line that 
links an imaging-radar antenna to a feature on the 
ground 


planar array 
antenna 

a two-dimensional planar coOection of radiators or 
“elements” configured to produce a desired radiation 
pattern from the combined action of all t’ e elements 

fduton 

igneous rock body formed and emplaced in the 
Earth’s crust at depth below the surface 

pyroclastic 

formed by the accumulation of fragments scattered 
by volcanic explosions 


small tributary stream ranked by branching: the radar 

lowest-order streams are the smallest unbranched 

tributaries 


radio detection and ranging; radar is used in remote 
sensing for measuring and mapping the Earth and 
fdanetary surfaces 


any of a series of C-shaped loops that form part of a 
sinuous stream channel 


range across-track direction of image acquisition 

(radar imaging) 


outline ot an erstwhile meander that has been cut off 
from a stream channel and fUled with sediment that 
commonly supports a distinctive vegetation 

rock altered from an original cr-idition by elevated 
temperature and/or pressure that produces a change 
of texture and mineralogy 

any electromagnetic wave having a wavelength in the 
interval between one millimeter and one meter 

feature formed of unsorted, unstratified sediment 
transported and deposited by glacial ice 

multispectral scanner (qv) 

an airborne or spaceborne imaging system that 
acquires images by scanning a scene in several wave- 
lengths simultaneously 

crescent-shaped lake in an abandoned stream benu 
basaltic lava flow with smooth, ropy surfaces 
consisting of rounded grains like peas 


resolution the minimum distance between two adjacent features 

element on the ground, or the minimum size of a feature on 

the ground, that can be detected by an imaging 
system 


returns (radar) backseat ‘er (qv) 


SAR 


scarp 


scene 


synthetic-aperture radar (qv) 

cliff or steep slope of some extent that may form a 
marked topogra|diic boundary 

area covered by SAR, MSS, HCMM, or photographic 
image 


Seasat an Earth-orbiting satellite equipped with live instru- 

ments, including a side-looking synethic-aperture 
imaging radar system, for studyii^ ocean dynamics 


sedimentary rock rock formed from the accumulation of particles of 
preexistmg rock, or from chemical or buKhemkal 
precipitation 


senescence that phase of |dant gro»-t!i extending from lid! 

maturity to death 
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shadow (radar) an area of no radar backscatter on an image caused by 
a ground feature that obstructs the radar beam and 
prevents illumination of the area behind it 

shield volcano a large broad volcanic cone with very gentle slopes 
builr up of nonviscous basaltic flows 

sinkhole funnel-shaped depre<sion, usually in a limestone 

region, that connects to a subterranean passage 
formed by solution 

SIR-A Shuttle Imaging Radar Experiment f'own on Space 

Shuttle Columbia in November 1981 

spectral reflectance of electromagnetic energy at specified 

reflectance wavelength intervals 

specular mirror-like returns of a radar signal 

(reflections) 

stratovolcano cone composed of alternating layers of lava and 
pyroclastic materials, generally large and steep sided 

strike bearing of an inclined bed or structure on a level 

surface 

strike-slip fault fault in which the movement of the rocks on each 
side of the fault plane is predominantly horizontal. 
The displacement is either left-lateral or right-lateral 
depending on the direction of movement of the far 
block as viewed from either side of the fault 


syncline folded-rock structure whose limbs dip toward the 

fold axis 

synthetic- a side-looking airborne or spacebome imaging system 

aperture radar that uses the Doppler principle to sharpen the effec- 
tive beamwidth of the antenna. 

tectonism crustal instability 

thermal inertia measure of the response of a material to temperature 
change 

thrust fault low-angle dip-slip fault in which the block above the 
fault plane moves up and over the lower block 

transcurrent fault strike-slip fault (qv) 

transform fault a plate boundary along which strike-slip motion 
occurs, usually offsetting segments of a spreading 
ridpe 

tuff rock formed of compacted volcanic fragments gen- 

erally less than 4 mm in diameter 

ultramafle containing less than 45% silica, as applied to igneous 

rocks 

volcanic rock igneous rock formed by eruption at the Earth^s 
surface 

Yazoo-type subsidiary drainage channel that runs parallel to a 

stream nujor stream in a floodplain for an extended dis- 

tance, eventually joining the major stream 
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Index of Images 



Scene 

No. 

SIR-A Image 

DaU 

Take 

No. 

Date. 

Nov. 

1981 

c 

c 

Center Coordinates | 

miGINAL Pi 
W POOR Qi 

CorrespontH 
Image andn 
Diagram 1 

Latitude 

Longitude 


Appalachian Mountains, 
Pennsylvania. U.S.A. 

22 

13 

39*’55'N 

78*30’W 

Landsat MS 

2 

San Rafael Swell, Utah. U.S.A. 

24B 

13 

38"40'N 

1 10*40'W 

HCMM 

3 

Santa Ynez Mountains, California, 
USA. 

24C 

13 

34“..8'N 

119“45''V 

Seasat SAl 

4 

Lensuru Fold Belt, Irian Jaya, 
Indonesia 

32-33 

14 

l“50'S 

133“54’S 

Landsat MS 

j 

5 

West PUbara Goldfield, Hamersley 
Range, Western Australia 

38 

14 

22*52'S 

11 7*28' E 

Landsat Ml 

6 

Sierra Madre Oriental, Coahuila, 
Mexico 

24C 

13 

25”20'N 

I00*S0'W 

Landsat kC 

7 

Sibi District, Baluchistan Province. 
Pakistan 

35-36 

14 

29°44'N 

67* 56'^ 

Landsat Ml 

8 

Kalpir Choi and Chong Korum 
Mountains, Xinjiang, China 

28 

14 

40*12'N 

78*20'€ 

Landsat MS 

9 

Sierra Imeri, Amazonas, Venezuela 

34 

14 

l“36'N 

65*30'W 

Landsat MS 

10 

Eastern Desert, Egypt 

28 

14 

25“20’N 

34*10’£ 

Landsat MS 

11 

Sahara Plateau, Mali (West Africa) 

29-30 

14 

18“45'N 

l“lO'E 

Landsat MS 

12 

Salt Domes, Great Kavir, Iran 

28 

14 

34'’55'N 

55*00'E 

Sketch ma 

13 

Altyn Tagh Fault System, 
Gansu, China 

28 

14 

40®32'N 

96°06'E 

Landsat M! 

14 

Pakaraima Mountains, Guyana 
(South America) 

3h 

14 

5“45'N 

60*5l’W 

Sketch ma 

15 

Plains and Forest Lowlands, 
Meta, Colombia 

24C 

13 

3®18'N 

7 1*58' V 

Landsat Ml 

16 

Dunes Northeast of Ndjamena, Chad 
(Central Africa) 

28 

14 

13°20'N 

17*00'E 

Landsat Ml 

17 

Dunes, Oman, Arabia 

37A 

14 

21*34'N 

58*45' E 

Landsat M 

18 

Kara Kum Desert, Turkmen S.S.R. 

28 

14 

37®32'N 

39*’57'N 

62*50'£ 

Landsat M 

19 

Badain Jaran Desert, Nei Monggol, 
China 

28 

14 

102*55'£ 

Landsat M 

20 

Pinacate Volcanic Field, Sonora, 
Mexico 

24C 

13 

31“52'N 

113°30’W 

Landsat M 

i 

21 

Western Galapagos Islands, Ecuador 

37 

14 

0*40'S 

91*07'W 

Landsat 

22 

Volcanic Field Northeast r>f Damascus. 
Syria 

37A 

14 

33®22'N 

36*58'E 

Landsat M| 

23 

The Lesser Sunda Islands, Indonesia 

35-36 

14 

8°30'S 

119*15'E 

Sketch nm 

24 

Central American Volcanic Belt, 
Guatemala 

18 

13 

14°23'N 

90“04'W 

Landsat kq 

25 

Chott Merouane and Chott Melrhir, 
Algeria 

32-33 

14 

34“lO’N 

6*20'E 

Seasat S^ 
Landsat ki 

26 

Northern Lop Nur, Xinjiang, China 

28 

14 

40°49'N 

90*10’E 

Landsat k^ 


I 
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Renter Coordinates 

Correspondins 
Image and/or 
Diagrim 

Date 

Scene ID 


Sun Angle 
(Lsndsat) 


Itude 

Longitude 

Etevation, deg 

Azimuth, deg 

55'N 

78*30'V 

Landsat MSS 

Nov. iO, 1973 

1495-15222-7 

24 



155 

40'N 


HCMM 

Aug. 28. 1978 

AA 0124204802 

_ 



— 

28'N 

119 45 W 

Seasat SAR 

Jul. 18. 1978 

Rev. 308 

- 



- 




Aug. 4. 1978 

Rev. 552 

- 



- 

SO'S 

133“54'E 

Landsat MSS 

Nov. 18. 1973 

1483-00394-7 

54 



121 




Aug. 31. 1978 

30179-00365-7 

51 



73 

52'S 

117'’28'£ 

Landsat MSS 

Nov. 13. 1972 

1113-01343-5 

57 



87 




Oct. 4, 1973 

1438-01381 -5 

50 



66 

mm 


Landsat MSS 

Sept. 9. 1974 

1778-16331-6 

53 



118 

44*N 

67*56'E 

Landsat MSS 

Nov. 3. 1972 

1103-05312-7 

38 



148 

I2'N 

78®20'€ 

Landsat MSS 

Oct. 24. i973 

1458- 04571-7 

33 



152 

36’N 

65“30’W 

Landsat MSS 

Sept. 5. 1978 

21322-13401-7 

48 



81 




Sept. 21. 1973 

1425-14030-7 

57 



91 



Landsat MSS 

Jan. 19. 1973 

1180-07442-7 

33 



142 




Jan. 19. 1973 

1180-07444-7 

33 



142 

’ 45 'N 


Landsat MSS 

Nov. 25, 1973 

1490-09501-7 

41 



143 

' 55 ’N 


Sketch map 

- 

— 

- 



- 

‘ 32 'N 

96 O 6 E 

Landsat MSS 

Dec. 16. 1976 

2694-03264-7 

19 



149 

' 45 'N 

60°5l'W 

Sketch map 

- 

- 

- 



- 

'l8'N 

7rS8'W 

Landsat MSS 

Oct. 19, 1972 

1088-14323-7 

57 



113 

’ 20 'N 


Landsat MSS 

Feb. 15, 1975 

2024-08341-5 

43 



122 

’ 34 'N 

58“45' E 

Landsat MSS 

Nov. 26. 1972 

1126-06024-7 

39 



145 

’ 32 'N 


Landsat MSS 

Nov. 26, 1972 

1126-05581-7 

27 



154 

' 57 'N 

102 55'£ 

Landsat MSS 

Oct. 7, 1973 

1441-03201-5 

39 



148 

’52'N 

113°30'# 

Landsat MSS 

Jun. 26, 1973 

1338-17392-4.5,7 

62 



100 

’40'S 

91°07'V 

Landsat MSS 

Mar. 24, 1980 

30750-15310-5 

49 



87 




Mar. 24, 1980 

30750-15312-5 

49 



85 

' 22 ’N 

36'’58'E 

landsat MSS 

Dec. 19, 1978 

30289-07313-7 

26 



148 


119*15'£ 

Sketch map 

_ 

_ 

— 



— 

f23'N 


Landsat MSS 

Dec. 31. 1978 

30301-15385-7 

39 



136 

1 



Jan. 28, 1979 

21467-15311-7 

37 



127 



Seasat SAR 

Aug. 21, 1978 

Rev. 791 

- 



- 

1 


Landsat MSS 

Oct. 1. 1973 

10435-09404-4 

45 



144 



Landsat MSS 

Jul. 17, 1973 

1359-04074-7 

59 



119 


n 
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Longitude 

27 

The Great Kavir, Iran 

28 

14 

35*40'N 

55*25'E 

Sketch map 

28 

Maya Mountains, Belize 
(Central America) 

24C 

13 

17*02'N 

88*3 1'W 

Sketch map 

29 

Cotabato Province, Mindanao, 
Philippines 

32-33 

14 

6*18'N 

124*27'E 

L andsat MSS 

30 

Mississippi River Deltaic Plain, 
Louisiana, U.S.A. 

21 

13 

29“25’N 

90’l0'W 

Lasdsat MSS 

31 

Red River Deltaic Plain, Viet Nam 

32-33 

14 

20*33'N 

106*10'E 

Landsat MSS 

32 

Shatt al 'Arab, Persian Gulf 

7 

13 

30*00'N 

48*35'E 

Landsat MSS 

33 

Mississippi, Missouri, and Illinois 
Rivers. U.S.A. 

24A 

13 

39"08'N 

90*30'W 

Landsat MSS 

34 

Luliang Shar., Shanxi, China 

28 

14 

38“27'N 

1 1 1*30'E 

Undsat MSS 

35 

Rio Ucayali, Lo.eto, Peru 

34 

14 

6‘’l3'S 

74*54'W 

Landsat MSS 

36 

Ilhas Macuapanim. Amazonas, BrazU 

24C 

IS 

2*36'S 

65*00'W 

Landsat MSS 

37 

Al Widyan, Saudi Arabia and Iraq 

37A 

14 

31°40'N 

40‘’5j'E 

Landsat MSS 

38 

Mississippi River Floodplain, 
Louisiana, U.S.A. 

24B 

13 

32°16'N 

91*26'W 

Seasat SAR 
Landsat MSS 

39 

Nik River, Egypt 

28 

14 

24“20'N 

32*35'E 

Sketch map 

40 

Karakoram Mountain 
Glaciers, Pakistan 

32-33 

14 

35"55'N 

75®35'E 

Landsat MSS 

41 

Highlands, Mato Grosso do Sul - 
Parana, Brazil 

29-30 

14 

23“l2’S 

53*40'W 

Landsat MSS 

42 

Center-Pivot Irrigation, Southwest 
Nebraska, U.S.A. 

24A 

13 

40“40'N 

10l“4.s'W 

Landsat MSS 

43 

Circular Agricultural Fields, Libya 

29-30 

14 

27°42'N 

I4*50'E 

Sketch and 
enlargement 

44 

Wheat-Sheep Farms, New South 
Wales, Australia 

38 

14 

33®38'S 

146°23'E 

Lanusat MS3 

45 

Lower Coastal Plain, 
North Carolina. U.S.A. 

21 

13 

34“5S'N 

76*59'W 

Landsat MSS 

- 

46 

Upper Coastal Plain, 

South Carolina - Georgia, U.S.A. 

21 

13 

33“l5'N 

8l‘40'W 

Landsat MSS 

47 

Southwest Coastal Swamp, 
Irian Jaya. Indonesia 

32-33 

14 

5°17'S 

138“00'E 

Sketch map 

48 

Kapuas River an<? Deltaic Plain, 
West Kalimantan, ln< o.>esia 

35-36 

14 

0*23'S 

109*25'E 

Landsat MSS 

49 

Brasilia, D.F , Brazil 

24C 

13 

!5‘’52'S 

47*57'W 

Landsat MSS 
Sketch map 

50 

Villages and Cultivated Fields, 
Hebei-Shandong, China 

28 

14 

37*30’N 

115'’42'E 

Landsat MSS 

51 

Surface Waves, Western 
Mediterranean Sea 

37A 

14 

40®35’N 

4“25'E 

Location map 

52 

Internal Waves, Andaman Sea 
(Indian Ocean) 

35-36 

14 

12°28'N 

94°00'E 

Location map 
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ngitude 


55“25'E 
88*3 1'W 


24*27’E 


90*10'W 


0»> lOE 


48*35’E 

90°30'W 


.1! 30 E 
74°54'W 
65*00’W 
40*55'E 
9i*26’W 


32“3S’E 

75*35'E 


53*40'W 


10l‘’45'W 


14 50 E 


146*23'E 


76*59'W 


81*40'W 


109*2S'E 


1I5*42'E 


Conesponding 
Image and/or 
Diagram 

Date 

Scene ID 

Sketch map 

— 


Sketch man 

- 


Landsat MSS 

Jau. 21. 1979 

21460^01071-7 


Dec. 19. 1972 

1 149-01261-7 

Landsat MSS 

Jan. 6. 1973 

1177-16023-5 

Landsat MSS 

Dec. 29, 197S 

2341-02393-7 


Apr. 20. 1975 

2088-02360-7 

Landsat MSS 

Aug. 2, 1977 

2923-06164-7 

Landsat MSS 

Oct. 17. 1976 

5547-15154-7 

Landsat MSS 

Sept. 23. 1978 

30202-02372-5 

Landsat MSS 

Oct. 2. 1972 

1071-14402-6 

Landsat MSS 

Sept. 20. 1973 

1424- 13583-7 

Landsat MSS 

Jul. 14. 1973 

1356-07193-7 

Seasat SAR 

Aug. 24. 1978 

Rev 838 

Landsat MSS 

Oct. 2. 1972 

1071-16125-7 

Sketch map 

- 

- 

Landsat MSS 

Jun. 4. 1978 

21229-04320-7 

Landsat MSS 

Apr. 21. 1981 

22281-12483-5 

Landsat MSS 

Aug. 18. 1972 

22281-12483-7 

1026-17015-5 

Sketch and 


_ 

enlargement 
Landsat MSS 

Jan. 1. 1973 

1162-23310-7 

Landsat MSS 

Feb. 25. i9:’7 

5678-14075-7 

Landsat MSS 

Jan. 17. 1977 

2726-15072-7 

Sketch map 


- 

Landsat MSS 

Aug. 12. 1978 

30160-02134-7 

Landsat MSS 

Aug. 19. 1973 

1392-12425-5 

Sketch map 

- 

- 

Landsat MSS 

Oct 26. 1976 

2643-02033-7 


4*:5’E 

94°00'E 


Location map 
Location map 


Sun Angle 

(Umdsat) 

Elevation, deg Azimuth, deg 
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53 

Surface Slicks and Ocean Vessels, 
Rio de Oro Coast, Atlantic Ocean 

32-33 

14 

22®02'N 

n‘’05'W 

Legation map 


54 

Wind Patterns Oft Sardinia, 
Medit‘!rranean Sea 

.35-36 

14 

40*’l0’N 

10“00'E 

SIR-A 

N 

55 

Wind SUcVa and Fronts, Moro Gulf, 
Celebes Sea 

24BB 

13 

6'*35'N 

123‘’30’E 

Location map 


56 

Ocean Eddy Oif Dominican Republic, 
Atlantic Ocean 

24B 

13 

20®14'N 

70®20'W 

Location map 


57 

Ocean Surface Patterns Off Java, 
Indian Ocean 

24BB 

13 

8“08'S 

105“50'E 

Location map 


58 

Corinth Canal, Greece 

37A 

14 

37"43'N 

23®20'E 

Ground-based 

photograph 


59 

Dams and Reservous. Rio Grande, 
Brazil 

29-30 

14 

20'’l5'S 

48“28'W 

Landsat MSS 


60 

Offshore Oilfields, 
Southern Persian Gulf 

37A 

14 

24'’lO'N 

54‘*10'E 

Sketch map 
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Image and/or 
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Azimuth, deg 

22“02'N 

17*05'W 

Location map 

- 

- 

- 

- 

40“l0'N 

10“00’E 

SIR-A 

Nov. 14, 1981 

DT37A, 1200 GMT 

— 

— 





40“03'N; 10®07'E 



6'’35'N 

123°30'E 

Location map 





20“l4'N 

70®20'W 

Location map 





8“08'S 

lOS^SO'E 

Location map 





37“43'N 

23°20'E 

Ground-based 

1979 

— 


— 



photograph 





20“l5'S 

48°28'W 

Landsat MSS 

Sept. 9. 1981 

22422-1 2282- S 

42 

62 

24°10'N 

54'10’E 

Sketch map 

— 

— 

— 

— 
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